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Tung-Sol moves ahead! 


NOW = 


Eligh power transistors 
with new cold-weld seal 


Improved cold-weld seal 
gives new Tung-Sol 
high-power transistors 


three-way quality boost 


@ True hermetic, copper-to- 
copper seal improves transistor 
thermal characteristics. 


@ Elimination of heat-damage, 
heat-caused moisture and “splash” 
increase reliability. 


+. Vacuum-tight, moisture-proof 
cold-weld seal lasts even through 
“‘breathing”’ over long life operation. 


Once again Tung-Sol shows the way. Now, for the 
first time, Tung-Sol brings designers high-power 
germanium transistors with quality benefits of the 
advanced cold-weld seal. 

The new Tung-Sol types feature a stud-mounted 
package and maximum collector current of 13 
amps. Military environmental tests combine with 
the radioactive gas leak detection test to assure 
maximum reliability. 


Photomicrograph (45X) shows circled area 
of cross section of Tung-Sol high-pqwer 
germanium transistor cold-weld seal. Note 
absence of seam, indicating actual integra- 
tion of copper molecules and a true, her- 
metic, copper-to-copper seal 


Technological advancements such as this keep 
Tung-Sol ahead of the field. For full data on the 
new high-power switching transistors . . . to meet 
any need with the latest in transistor design and 
efficiency, contact: Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, New Jersey. 


‘s) TUNG-SOL 
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CASE 


ITISTORIES 


Extra small, single row 
ball bearings with 
shields are capable of 
resisting combined radial 
and thrust loads, They 
offer accurate position- 
ing of small shafts 
requiring bearing bore 
diameters from 4 to 9mm. 


Photo: Courtesy Westinghouse Electric Corp. 


Vocuum Cleaner Moror Monufocfrurer 
Curs Unit Cost 21¢ With "Ny Bearing Design! 


CUSTOMER PROBLEM: 


Cut vacuum cleaner motor production costs, 
yet maintain present high efficiency. 


SOLUTION: 


N/D Sales Engineer suggested design modifi- 
cation using smaller ball bearings .. . New 
Departure high volume prelubricated, shielded 
bearings. Extensive testing in New Departure’s 
laboratories proved that these smaller pre- 
cision bearings, along with maintaining high 


efficiency, improved quality and provided 
quiet motor operation. The bearings accounted 
for a 21c per motor savings in vital part costs. 
What’s more, they gave accurate, long life 
positioning of rotor shaft under all load 
conditions and mounting positions. 


When it’s a question of maintenance-free high 
volume ball bearings for electric motors . . . and 
rhaps a cut in production cost, contact New 
eparture. For more information, write 
Department T,-/ 


Replacement ball bearings available through United Motors System and its Independent Bearing Distributors 


RA 


EPARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING AOLLS L/KAE A BALL 
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offers a complete line of 
electrical insulating materials 


When you deal with IMC, the time spent in “shopping” for 
insulating materials is drastically reduced, because IMC develops, 
manufactures, or distributes almost every conceivable kind of 
electrical insulating material. Hence it is not necessary to call a 
dozen or more sources for product information. One call to IMC 
brings up-to-the-minute technical information. 


IMC’s customer service program supplies you with catalogs con- 
taining complete technical data, descriptions, product applications, 
procedures, and other valuable information on electrical insulating 
materials. Because IMC sales engineers know the performance 
features of so many insulations, they can impartially select the 
one best suited to meet your requirements. For help on your 
electrical insulating problems, contact your nearest IMC office. 


© Specialists in electrical insulation 


INSULATION MANUFACTURERS CORPORATION 
Chicago 6, Illinois * 565 W. Washington Boulevard * Phone CEntral 6-7320 
Cleveland 14, Ohio * 1231 Superior Avenue, N. E. * Phone SUperior 1-2310 


Offices, Representatives, and Distributors in Dayton, Detroit, Milwaukee, Minneapolis, 
Pittsburgh, and other cities. 


T 
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POLYPHASE ORIP-PROOF INTEGRALS 
1 TO 800 HP 
POLYPHASE JET PUMP MOTORS 
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POLYPHASE FRACTIONALS 1/3 to 1 
rigid or resilient bases 


VERTICAL SOLID SHAFT POLYPHASE 
INTEGRALS | to 800 HP 


TEFC and EXPLOSION-PROOF POLYPHASE 
INTEGRALS 1 to 500 HP 


CLOSE-COUPLED POLYPHASE PUMP 
MOTORS 1 to 150 HP 
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VERTICAL HOLLOW SHAFT POLYPHASE cost. Every motor 
INTEGRALS 1 to 700 HP 
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YOURS from the case 
of the A. O. Smith 
motor man 


Here’s what amounts to “super- 
market” variety—eight basic types 
of polyphase motors, each available 
in a wide range of sizes and with 
practically any electrical or mechan- 
ical modification needed. 

But in addition to wide choice 
that helps you get the motor best 
suited for your application, you get 
scores of quality features that pay 
off in uninterrupted service, longe) 
operating life, lower maintenance 
is designed to 
offer ample protection against tem- 
porary overloads or voltage drops. 
You get balanced insulation to afford 
maximum protection against phase- 
to-phase or phase-to-ground break- 
downs during high amp surges. 

All the engineering assistance you 
want or need is available for design- 
ing a motor into vour product or 
applying standard models. What’s 
more, Many models are available 
from stock, in both old and current 
NEMA frame size. 

For complete details, contact your 
A. O. Smith motor man or write 
direct. 


GEARMOTORS 1 to 25 HP are also available 
with electrical or mechanical modifications 


to meet your specific requirements. 


Through research < ...a@ better way 


AO.Smith 


‘oun ) 


ELECTRIC MOTORS 


Tipp City, Ohio 
A. 0. Smith International $. A., Milwaukee 1, Wisconsin, U. S.A, 
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Drives Your Classification: 
Electrical 


% load Factors in Selection 
of Eddy-Current Drives 


Eddy-current couplings and brakes can develop torque only 
while slipping, and their power ratings are largely determined 
by their thermal capacities. These primary properties are 
shown to be the keys to application of eddy-current drive 
devices, Characteristic curves and specific drive application 
examples are presented, 


R. P. Bleikamp, Westinghouse Electric Corp., East Pittsburgh, 
Pa 
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Your Classification: 
Systems and Servos 


Load Control Systems 


\ description of devices used to protect machinery and tooling 
from dangerous overloads by sensing increases in drive-motor 
current, 


Fk. P. Dunigan, Machinery Electrification, Inc., Northboro, 
Mass 


Electrical Manufacturing 


Design Consideration< 


2 Your Classification: 
Specifications and Standards 


Approval of UL Standards as 
American Standards 


Although electrical manufacturers as a group have long ad- 
vocated the conversion of selected Underwriters’ Laboratory 
Standard Requirements for Safety to American Standards, it 
is only within recent years that those substantially concerned 
have gone along with the idea. Herein is an analysis of this 
trend, the motivation behind it, and its influence on product 
acceptance, 


Staff Report 


Electrical Manufacturing 
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Control Your Classification: 
Theory 

Basic Science and Engineering 
Mathematics 


Automatic Control System Design—1 
Mathematical Techniques—Complex 
Variables 


x 
Part one of a five-part series on the design of servo mechan- 
isms. Complex numbers are defined and their algebraic manipu- “ 
lation is explained. Functions of complex variables, their 
integration and differentiation, are also included as well as a Y 
discussion of the principle of residues in the study of analytic 
functions. 


Ira Ritow, Airborne Instruments Laboratories, Mineola, N. Y. 
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Basic Science and Engineering Your Classification: 


Physics 
Design Considerations 
Thermal Design Factors 


+ Heat Flow Theory 


Derivations of the basic eauations for conduction, convection 
and radiation; combined effects. Use of dimensional analysis to 
establish the parameters and the various “numbers” involved 
in convection expressions. Solutions of empirical equations 
using simulated experimental data. Transistor heat-transfer 
case history. 


A.D. Kraus, Sperry Gyroscope Company, Great Neck, N.Y. 
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Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 

Materials, Mechanical /Structural 
Protective Coatings 


Your Classification: 


Design Characteristics of 
Hard-Anodize on Aluminum 


Anodic films possess an effective combination of good electric 
strength and extremely efficient environmental protection. 
This article presents design parameters and illustrative case 
histories of anodized parts. Design concepts are il'ustrated by 
tables and photographs in support of the text. 


J. Collins, Arma Div., American Bosch Arma Corp., Garden 
City, N. Y. 
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@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


% Reprints available—see pages 196 and 204 > 


Components, Electrical/Electronic Your Classification: 


Protective Devices 
Semiconductor Devices 


Overcurrent Protection of 
Semiconductor Rectifiers 


| 

| 

| 

1 

| 

| 

| 

Rectifier overcurrent protection techniques. Examples are given | 

of fault-protection coordination for circuits with and without 
current-limiting impedances and for circuits providing non- 

interrupted service upon rectifier cell failure. | 

| 

1 

| 

| 

| 

| 

| 


F. W. Gutzwiller, Semiconductor Products Dept., General 


Electric Co., Syracuse, N. ¥. 
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Components, Electrical / Electronic 
Contact Devices 

Control 
Case Histories 


Your Classification: 


Simple Sensing Relay Uses 
Ferroresonant Circuit 


The ferroresonant relay takes advantage of the non-linearity of 
an iron-core inductance and of the series-resonant circuit to 
give a low cost and rugged voltage-sensitive device. Relay 
application aspects and circuits are presented with a descrip- 
tion of the operating principles. 


, Weber, R-B-M Division, Essex Wire Corp., Logansport, 
Ind. 
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Generators 
Power 

Drives 
Mechanical 


Your Classification: 


Constant-Speed Drive for 
Airliner A-C System 


The recognized advantages of a-c electrical systems for air- 
craft are achieved by the use of engine-powered hydraulic 
constant-speed drives and brushless generators. The combina- 
tion as applied in the Boeing 707 airliner is described. 


Staff Report 
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Subject Classification, circle Number 738 on page 17. 
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Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


* High-Temperature Characteristics 
of Thermosetting Laminates 


Results and discussion of tests on commercial thermosetting 
laminates conducted at the Johns Hopkins University under 
NEMA sponsorship. Tests were made at temperatures up to 
250 C to determine optimum application areas. 


Staff Report 
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Materials, Electrical /Electronic Your Classification: 


Magnetic Materials 
Testing 
Materials 


R-F Measurements on Ferrite Cores 


A study is presented of several effective means of making 
measurements at frequencies from 2% to 30 me of the relative 
permeability and quality factor, Q, of ferrite ring samples 
ranging in size from ™% to 2% in. diam. In addition to the r-f 
bridge and Q-meter techniques, theory of measurement by 
resonance and impedance methods using a cavity-inductor is 
included, also measurements under conditions of static and 
dynamic bias. Measurement of dielectric properties also pre 
sents problems. 


P. P. Lombardini and R. F. Schwartz, Moore School of Elec 
trical Engineering, University of Pennsylvania, Philadelphia, 
Pa. 
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COMING UP... 


The fifth article in our new Basic Science and Engineering 
Series will treat Metal Fundamentals for the Design En- 
gineer. Also coming up in the May issue will be articles on 
Printed-Circuit D-C Motors, Relay Design, 
a survey of Electrohydraulic Standards 
for Self-Tapping Screws, Selection and Properties of Insu- 
lating Varnishes, Switching Functions Using Static Devices, 
Transistor D-C Amplifiers in Nuclear Reactor Instrumenta- 
tion, and Firedamp-Proof Mine Transformers. Also appear 


ing will be Part 2 in the new 


Miniature 


Servo Valves, 


series on Automatic Control 
System Design: Mathematical Techniques—tLaplace Trans- 
formations. 


a 





Armco} DI-MAX4M-15 
gives youboth design 


and production 


advantages 


Where the low core loss of M-15 electrical steel is 
required, Armco’s special Di-MAx provides unique 
advantages that permit design improvements and 
production efficiencies. 


Armco DI-MAX M-15 offers you: 


PUNCHABILITY—Di-Max properties contribute to good 
die life and high productivity in the shop. Its uni- 
formly high ductility enables you to produce punched 
laminations of any size and shape, yet retain low 
core loss. 

ECONOMY OF COILS—You can use high production, con- 
tinuous manufacturing methods because DI-Max 
M-15 is available in coils. Ductile, annealed butt 
welds are within sheet gage limits—facilitate punch- 
ing and core assembly. 


GOOD FLATNESS—The flat, smooth surface of Di-Max 
M-15 results in improved space factor and enables 
you to design for efficient performance. 


BETTER PERMEABILITY—At high inductions this special 
Armco grade provides better permeability than the 
regular M-15 grade, further enhancing performance 
capabilities. 

Use the outstanding magnetic and fabricating prop- 
erties of Armco TRAN-Cor Di-Max M-15 in your 
products. For complete data on this cost-reducing, 
performance-improving Armco Electrical Steel, write 
to Armco Steel Corporation, 1739 Curtis Street, 
Middletown, Ohio. 


ARNICO STEEL 


‘Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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Group Research in 
Thermoelectric Cooling 


A two-year research program on ma- 
terials and needed for 
thermoelectric cooling devices has 
been launched at Battelle Memorial 
Institute, Columbus, Ohio, under spon- 
sorship of 16 industrial firms. Program 
will be coordinated by Db, & & 
Lougher. Specialists from Battelle’s 
Solid State Devices Division and Phy- 
sical Chemistry Division will contrib- 
ute their work. 

Primary objectives will be the 
preparation of new compounds and 
investigation of their resistivity, ther- 
mal conductivity and _ thermoelectric 
power. Compounds chosen from the 
following systems will be studied: Cu, 
Ag, Au—S, Se, Te; Zn, Cd, Hg—As, 
Sb, Bi; alkaline-earth metals Ge, Sn, 
Pb, As, Sb, Bi; and alkali metals Ge, 
Sn, Pb, As, Sb, Bi. Alloys will also 
be studied. Materials that have already 
been investigated extensively, such as 
bismuth telluride, are not included in 
the present program. 

Sponsoring companies include: 
American Motors Corporation; Carrier 
Corporation; Chrysler Corporation; 
Fedders Corporation; General Motors 
Corporation; Hamilton Standard Divi- 
sion, United Aircraft Corporation; 
Lockheed Aircraft Corporation; The 
Martin Company; Monsanto Chemical 
Company; National Carbon Company, 
Division of Union Carbide Corpora- 
tion; Ranco Incorporated; Robert- 
shaw-Fulton Controls Company ; 
Tecumseh Products Company; Texas 
Instruments Incorporated; Westing- 
house Electric Corporation; and Whirl- 
pool Corporation. 


techniques 


International Symposium on 
Liquid and Gaseous Dielectrics 
An important group of European re- 
search workers will participate in 
several symposia on liquid and gaseous 
dielectrics at the meeting of the Elec- 
trochemical Society May 4, 5 and 6 
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in Philadelphia. Papers will be 
grouped in three sessions: Gassing of 
Oils and Aging Studies; Factors In- 
fluencing Electrical Breakdown; and 
Conductivity Mechanisms. A_ fourth 
session will be devoted to various other 
dielectric materials and related phe- 
nomena. 

Included among the papers from 
Europe will be the following: 


E. H. Reynolds, Deputy Research 
Mer., British Insulated Callenders’ 
Cables Ltd.: “The Phenomena of the 
Gassing of Oils with Relation to their 
Composition.” 

H. F. Church, British Electrical and 
Allied Industries Research Associa- 
tion: “A New Explanation of Gas 
Evolution in Electrically Stressed Oil- 
Impregnated Paper Insulation.” 

G. L. Palandri, Pirelli Co.,. Milan: 
“Some Mechanisms of the Gassing of 
Oils under Electrical Stress.” 

T. J. Lewis, Department of Electri- 
cal Engineering, Queen Mary College, 
London: “A New Statistical Theory 
of the Breakdown Process and the Re- 


interpretation of Pulse Breakdown 
Measurements,” and “Molecular Struc 
ture and Electrical Strength of Simple 
Hydrocarbons.” 

K. A. MacFadyen, Department of 
Physics, The University of Birming- 
ham, Birmingham: “Pulse Conduction 
in Organic Liquids.” 

E. Baumann, Technische Hoch- 
schule, Karlsruhe: “Measurements of 
Breakdown in Insulating Oils.” 

T. Salmon, Institut Francais du 
Petrole, Paris: “Correlations between 
Dielectric Losses and Chemical Stabil- 
ity of Mineral Oils.” 


Conditional Probability 
Computer Device 


\ process line control system that can 
optimize its function by trial-and-error 
is under development as a result of 
studies at the National Physical Lab- 
oratory in England. A_ conditional 
probability computer (actually an oper- 
ator “learning device”) has been de- 
signed for this purpose. 

e So far the computer has been used 


Radiation Facilities for Large Equipment: New radiation test facilities at G-E’s Gen- 
eral Engineering Laboratory can be used for testing complete equipments such as 
motors, transformers, control systems and electronic systems. Left, small objects (in 
the aluminum basket) and a motor are exposed to a cobalt-60 gamma source. Right, 
closed-circuit television is used to observe equipment under radiation in the cobalt 
chamber. In addition to the gamma source, the facilities provide a 1l-mev, 10-kw 
electron accelerator and a l-mev, 10-kw ion accelerator. 





Research 
Horizons 


to control a moving carriage which fol- 
lows the boundary between black and 
white areas on a layout drawing, irre- 
spective of whether black is on the left 
or on the right and even when the steer- 
ing linkage is reversed. The computer 
has five input channels which can be 
activated by electrical signals. There 
are also 31 computing elements which 
accumulate statistical information about 
the patterns of input activity in these 
channels, 

e When one or a group of the input 
channels is activated the computer de- 
termines (on the basis of its stored 
statistical information) whether this 
group is usually accompanied by ac- 
tivity in another channel or channels. 
If it is, the computer makes an “infer- 
ence” of activity in the other channels. 

e The 31 computing elements are 
essentially counters. Five elements 
count the numbers of occurrences of 
activity in the respective input channels 
while an additional 10 elements count 
the numbers of occurrences of simulta- 
neous activity in each of the 10 possible 
pairs of input channels, and so on for 
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groups of 3, 4 and 5 channels. The 
counts are represented in the computing 
elements by the amount of charge on 
a capacitor, which is deliberately made 
to leak toward the level corresponding 
to zero count. This leakage ensures that 
the inferences made by the computer 
are governed more by recent than by 
earlier events. 


New Microwave Mixer 
Design Principle 


A new type of microwave mixer devel- 
oped at the University College, Lon- 
don, England, is based on the use of 
a semiconductor element within a 
waveguide. A description of the mix- 
er (as given in the June 1958 issue of 
British Communications and Electron- 
ics) summarizes the principles of oper- 
ation: 

e A local oscillator is used to es- 
tablish a field in a resonant cavity and 
a small piece of semiconductor is "placed 
where there is a maximum magnetic 
field and no electric field. 

e@ The semiconductor is coupled to 
a second waveguide carrying a micro- 
wave signal. The coupling is made by 
a probe that causes a current to flow 
in the semiconductor. The direction of 
the current is selected to be at 90 
deg to the local oscillator magnetic 
field. Since the signal is coupled to the 
semiconductor by the electric field and 
the local oscillator field at the semi- 


conductor is magnetic, there is no in- 
teraction between the local oscillator 
and signal channels. 

© A Hall electromotive foree is es 
tablished, the instantaneous value of 
which is proportional to the product of 
the local oscillator magnetic field and 
the signal current. This electromotive 
force therefore has components of fre- 
quencies equal to the sum of the local 
oscillator and signal frequencies and 
to their difference. The latter signal 
can be amplified as a normal mixer. 

Conversion loss at present is too high 
for the mixer to be of practical value 
in receiver design, being around 60 db 
(using indium antimonide as the semi- 
conductor) with a theoretical input 
around 8 cm and an output of 60 me. 
Experiments using germanium show 
reasonable correlation. A more efficient 
cavity design is being investigated to 
obtain better performance. The techni- 
que has potential use as a method for 
measuring mobilities at microwave fre- 
quencies. 


Simulated Electronic 
Nerve Systems 


The human links in communication sys- 
tems, such as eyes and ears, can be 
simulated by means of relatively sim- 
ple transistor circuits developed at Bell 
Telephone Laboratories, Murray Hill, 
N.J. Artificial nerve cells have been 
combined into experimental electronic 


Current Trends and Viewpoints in Dielectrics—I 


@ 1. What specific trend or trends in re- 
search and development were in evidence 
at the NAS-NRC Conference? No new 
trends in research and development were 
noted, There were more progress reports 
on what could be called “practical” insu- 
lations than in previous years but most of 
the work reported was in the nature of an 
extension or continuation of similar work 
previously reported, 
@ 2. What trends were in evidence at other 
symposia, conferences and meetings? A 
summary of observations made at other 
research conferences might include the 
following: 
a. Cross-linking of various polymers with 
a view to increasing the maximum 
temperatures for continuous intermit- 
tent or emergency operation. These 
studies have also observed the effect 
of cross-linking on electrical proper- 
ties. 
. Some of this work on dielectrics 
might be compared to the work 
Luther Burbank did in the field of 
horticulture. For example, although 
thermoplastic materials require no 
“curing” for normal utilitarian pur- 
poses, these materials can have ther- 
mosetting properties “grafted” onto 
them, in order to produce certain 
characteristics hitherto unobtainable. 


Editor's Note: The annual review, “Re- 
search Progress in Dielectrics—1958,” 
which appeared in January 1959 E.ec- 


TRICAL MANUFACTURING, p 91, incor- 
porated the results of a questionnaire 
on current trends and viewpoints in 
dielectrics, with particular reference to 
the National Research Council-National 
Academy of Sciences Conference on 
Electrical Insulation on which the re- 
view was based. A number of stimulat- 
ing comments were received after pub- 
lication of the review and will be pub- 
lished at intervals in this department. 
Since the comments in each instance 
were made off-the-record, the sources | 
will not be identified. —AE.J. | 





c. Throwing more light on the effects of 
irradiation on certain types of poly- 
mers in order to see whether the use- 
fulness of the latter might be in- 
creased in spheres not generally asso- 
ciated with a particular polymer. 

. The possibility of modifying the polar 
constituents of polyvinyl chloride 
formulations so as to increase the 
usefulness of the latter in commercial 
distribution circuits operating at 10 
or 12 kv. This is currently not possible 


due to the high dielectric losses char- 
acteristic of the usual PVC formula- 
tions, 
A sharp trend toward providing in- 
sulated conductors for operation at 
temperatures of up to 500 F and 
higher. In this regard, consideration 
has had to be given not only to the 
nature of the insulation but also to 
that of the conductor material. 

Tremendous progress in the field of 
magnet wire intended for operation 
at elevated temperatures. 

. Increasing awareness of the growing 
importance of corona on insulation 
operation and means of measuring 
this effect. 

. Need for the development of insulated 
power cables in the 350 to 450 ky 
range. 

@ 3. Which areas in dielectrics and elec- 
trical insulation do you think need the 
most study and investigation? It is difh- 
cult to determine which areas in dielec- 
trics or electrical insulation need the 
most study and investigation. It is unfor- 
tunate, but the cost of experimentation 
has increased many fold and many of the 
fields for further experimentation or inves- 
tigation can only be determined after a 
given insulation has been studied under 
unorthodox conditions of operation as far 
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circuits that are roughly analogous to 
the nerve systems of the eye and ear. 
Purpose of the devices is to study and 
determine how visual and auditory 
nerves actually function and how they 
react to various sensory signal inputs. 
Results of such studies can be applied 
to the improvement of communications 
designs. BTL scientists describe oper- 
ation of these devices as follows: 


>The simulated neuron circuit fires 


electrical pulses of standard ampli- 
tude and duration, just as a biologi- 
cal cell usually does. If the circuit 
is driven by a constant stimulus (sim- 
ulating receptor cells as in the eye 
or ear), trains of pulses are emitted. 
A higher intensity of excitation in- 
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as the particular insulation is concerned. 
Take, for example, a simple material such 
as polyethylene. It is made by the poly- 
merization of the plentifully available mon- 
omer material ethylene. It has all of the 
elements of the almost-perfect universal 
insulating material: a low specific gravity, 
low-cost raw materials, excellent electric 
strength, low dielectric constant, low dis- 
sipation factor, and remarkable inertness 
to water and to a wide variety of chemical 
media. It can be fabricated with existing 
equipment. It has a brittleness point which 
makes it suitable for installation and 
operation at any temperature from 50 
to +75 C and even up to 100 C under 
emergency conditions. Finally, it is in suc- 
cessful operation in the form of insulation 
and power cables operating at up to 20 
kv. 

The low dielectric losses and charging 
currents should make polyethylene the 
ideal material as the insulation for power 
cables operating at 100 or even 150 kv. 
But is it actually suitable for such high 
voltages? To determine this would require 
the production and testing of a_ wide 
variety of cable constructions with tests 
running over a period of years. Manufac- 
turing procedures would have to be de- 
veloped for the complete elimination of 
voids with commercial production. It is 
entirely possible that the extrusion tech- 
niques of today may have to be modified 
considerably or even abandoned entirely 


APRIL 1959 


creases the frequency of pulsing. 
When the neuron is excited contin- 
uously, the frequency of pulses can 
be made to decrease with time, ex- 
hibiting accommodation as a living 


nerve cell does. 


Input excitation must, as in a bio- 
logical cell, surpass a threshold val- 
ue, and the cell will integrate two 
or more input pulses below threshold 
value to cause firing. A particular 
input connection can also, while en- 
ergized, inhibit firing of the neuron 
by other inputs. Similarly, immedi- 
ately after firing, the electronic neu- 
ron’s threshold rises to infinity and 
for a few milliseconds no input sig- 
nal can fire the neuron again. 
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and new methods developed. All this takes 
time, money and a variety of skills and so 
the question often arises, who would bear 
the responsibility and the costs for these 
efforts? Should it be the producer of the 
basic materials, the cable manufacturer or 
the equipment manufacturer in the case of 
the electrical insulations needed for vari- 
ous types of electrical equipment? 
Polyethylene has been cited but other 
materials and various combinations of ma- 
terials could have been chosen for this 
illustration. 
@ 4. and 5. What specific problems domi- 
nate the field of electrical insulation? 
What important problems do you think are 
being neglected? The answers may be 
found in the given under 
Question 3. However, we might add that 
in the case of the wide variety of thermo- 
setting materials with which the industry 
is acquainted, curing or vulcanization using 
time, temperature, and a definite pressure 
medium are factors that do need some new 
consideration. Somewhere in the vast de- 
velopments in the field of electronics, there 
should be an answer as to how to cure 
these materials electronically and fairly 
instantaneously by taking advantage of the 
internal heat that can be developed in 
such insulating materials as a result of 
their dielectric losses. Someone should re- 
study the work of LeDuc and determine 
what was wrong with his theoretical ap- 
proach and whether our increased knowl- 
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Electronic neurons can be combined 
with photo-resistive cells to simulate 
simple functions of nerves in the 
retina. Some 
“on” receptors, fire only 


known as 
when the 
light intensity they receive is increas- 
ing; “off” receptors fire only when 
the light is decreasing; and “during” 
receptors fire while they receive a 
steady light. 


receptors, 


The cireuit includes 4 transistors, 
13 resistors and 2 capacitors mounted 
on a 3 x 4 in. printed-circuit card for 
ease of handling. The pulse length it 
delivers, about 6 millisec, is consider- 


edge of today would yield more successful 
commercial results in the field of  elee- 
tronic curing of insulating materials. 

e 6. What relationship do you think has 
been established between such meetings as 
the NAS-NRC Electrical 
Insulation and equipment design applica- 
tion problems? The NRC Research Con- 
ference held during the mid-’20s and early 
°30s proved of considerable importance to 
the manufacturers of electrical insulations 
and particularly the wire and cable manu 
facturers. The papers presented during re 
cent years were not of the same character. 
They were very good from a highly theo- 
retical point of view and certainly were 
slanted more in the direction of the theo 
retical physicist and chemist. This situa 
tion may remedy itself 
a perceptible trend 
substantial part of the meeting to the so 
called “practical” considerations. 

e 7. What other comment would you care 
to make? What is needed is some medium 


Conference on 


there is already 


toward devoting a 


that can bridge the gap between the highly 
theoretical concepts in dielectrics on the 
one side and the practical adaptation on 
the other. There is no question but that the 
user of electrical insulation is befuddled, 
bewildered and very much confused by 
the tremendous number of new as well as 
improved materials with which he is con 
fronted. To neglect any of these materials 
would be inexcusable, but to evaluate all 
of them would be very costly, oo < 





Research 
Horizons 


ably longer than that of a biological 
nerve, but can be shortened if desired. 
The illustrations on the previous page 
show (top right) a typical electronic 
nerve cell. A complete experimental 
network is shown in the background, 
At left is a schematic of a single cell! 
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Education in Basic Materials 
Stressed at ASTM Symposium 


A symposium on engineering education 
in materials will be a feature of the 
ASTM Annual Meeting, June 22-26, 
Atlantic City, N.J. The symposium will 
be sponsored jointly by the ASTM and 
the American Society for Engineering 
Education. Impetus for the symposium 
is the widely recognized fact that engi- 
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neering curricula have been deficient 
in adequate courses in basic materials. 
This deficiency has rapidly become 
more critical since extreme environ- 
mental and performance requirements 
are inherent in many major areas of 
contemporary design, not only for 
military purposes, but also in indus- 
tury. Emphasis on engineering mate- 
rials is considered to be a_ logical 
development in the trend toward an 
increase in the basic science content 
of engineering curricula. 

ASTM President Kenneth B. Woods, 
head of the School of Civil Engineer- 
ing, Purdue University, will present 
the introductory paper. ASTM Vice- 
President Frank L. LaQue, vice-presi- 
dent and manager, Development and 
Research Division, The International 
Nickel Company, Inc., will present the 
ASTM viewpoint. Dean William T. 
Alexander, Northeastern University 
and president of ASEE, will give the 
educators’ viewpoint. Industry require- 
ments will be discussed by two speak- 
ers, 


Friction Studies 
in Plastics Materials 


The expanding use of plastics mate- 
rials in moving parts in various cate- 
gories of equipment has _ spurred 
studies in the basic mechanisms of 
friction phenomena in polymers. The 
need for such studies has been pointed 
out in a recent issue of General Elec- 
tric Company’s Research Laboratory 
Bulletin. Friction has usually been 
related to surface phenomena. It is 
now indicated, however, that friction 
is dependent on such bulk mechanical 
properties as elasticity and stiffness. 
The theoretical implications of this 
research are being further developed. 

Ultimately, the designer of a plastics 
part may be able to apply the results 
of this theoretical work by utilizing 
the known mechanical characteristics 
of several polymeric materials and 
selecting the one that provides the 
optimum service in terms of frictional 
properties. 


—A.E.J ° 


Gamma Radiation Used to Change Design Properties of Plastics 


ONE OF THE MOST PROMISING of the new 
techniques for “tailor-making” plastics for 
design application is  radiation-induced 
graft co-polymerization. The term “graft” 
is borrowed from horticulture. Just as the 
horticulturist is able to graft apple scions 
to pear trees, so the chemist can now 
chemically join two or more dissimilar 
polymers. 

@ Graft  co-polymerization, — therefore. 
defines a process in which a monomer A 
is polymerized onto a polymer B so that 
A polymer formed constitutes a “branch” 
on a “trunk” of B polymer. The grafting 
process can theoretically be performed 
either through radical chain transfer or 
condensation-type polymerization. Gamma 
radiation can be successfully used to in 
itiate the former type of polymerization. 

e@ Grafting by ionizing radiation can 
prove to be exceptionally valuable. It 
offers, for example, a means of chemically 
altering a preformed synthetic, natural 
polymer or resin without changing its 
physical shape, and often without destroy- 
ing many of its desirable properties. Thus, 
a permanent hydrophilic surface, which 
can serve as a conductor in aqueous media, 
might be grafted to a hydrophobic film or 
fiber to reduce the tendency of the syn- 
thetic material to accumulate a. static 
charge. Plastic films can also be treated in 
this manner to improve the dye and ad- 
hesive acceptability. 

@ Radiation-induced graft polymeriza- 
tion techniques, then, can be an important 
and valuable new tool for design engineers 
in electrical equipment applications. The 
ability to affect the properties of a poly 
mer by the grafting of relatively small 
amounts of another substance, coupled 
with the important fact that grafting can 
be performed on polymers both in the raw 
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and fabricated stages, holds forth good 
promise for the design engineer to specify, 
and the chemist to tailor-make, new and 
useful products. 

e Working with fluorocarbons, Radia- 
tion Applications Incorporated has suc- 
ceeded in grafting monomeric systems to 
Teflon so as to improve the bondability 
and printability of the wire and tape. 
Teflon-insulated hookup wire, for exam- 
ple, when treated with RAI’s graft co- 
polymerization process, exhibited pullout 
strengths of some 30 lb when encapsulated 
in typical epoxy potting compounds. This 
is compared to about 10 lb for the un- 
treated wire. Military specifications of the 
electrical properties of the wire were 
maintained. 

e@ The clear, colorless surface formed 
by the graft co-polymerization process is 
very thin, in the order of a molecular diam- 
eter, therefore only small net changes are 
produced in the bulk properties. The 
amount of graft can be controlled by 
varying the radiation conditions; there- 
fore, the change in surface properties of 
the Teflon can be carefully controlled and 
fitted to individual requirements. 

@ The amount of radiation damage to 
the Teflon can also be controlled and 
minimized. Tensile tests run on a_ piece 
of grafted skived Teflon tape exhibited an 
increase in tensile strength from about 
2500 psi before grafting to about 2900 psi 
with a typical graft. The elongation de- 
creased, however, dropping from about 500 
per cent to about 250 per cent. These 
changes in tensile strength and elongation 
can also be controlled by controlling the 
radiation and chemical conditions. 

e RAI is currently treating Teflon tape. 
wire and sheet by this process. Some of 
the grafted surfaces will accept water- 


soluble inks and dyes; this depends on the 
proper selection of the monomeric systems 
used for grafting. The graft can be applied 
to all types of small-gage hookup wire, 
braided wire and cable, and sheet, on one 
or both sides. 

e The work to date has consisted of 
laboratory experimentation, product de- 
velopment, and production of small ex- 
perimental samples. RAT does not fabricate 
Teflon; therefore it is treating samples 
which have been submitted by interested 
companies. RAI is in a position to treat 
hookup wire in volumes up to a few thou- 
sand feet at a time; however, it has yet 
to overcome several problems which con- 
front it in the processing of larger quanti- 
ties of film and tape. 

e@ There are many other plastics modi- 
fications which can be accomplished by 
means of this technique. They include 
treating polyethylene, nylon, and_ poly- 
propylene films with various monomeric 
systems to prevent the accumulation of 
static charges and for the purpose of form- 
ing cation-anion exchange and ion-perme- 
able membranes. The latter may be used as 
battery separators. Preliminary tests in a 
zine-silver oxide cell indicate that good 
battery separators can be prepared by 
means of graft. co-polymerization. Poly- 
esters, such as Mylar, can also be treated 
by this technique to permanently prevent 
static-charge buildup and to improve ad- 
hesion to other materials such as metals 
and oxide films. The adhesion of other 
plastics such as silicones can also be im- 
proved by this method. 

HOWARD STERN and 
LAWRENCE FRIEDMAN 
RapIATiON APPLICATIONS 
INCORPORATED 


New York, N.Y. 
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PUT YOURSELF 

IN FULL COMMAND 
OF INVENTORY 
WITH IBM 

DATA PROCESSING 


What do we have on hand? What 
are our immediate needs? What 
will we need in the future? When 
do we reorder? 


With new IBM inventory control 
methods, you not only answer 
questions like these precisely, 
but you also keep inventories at 
optimum levels . . . reduce short- 
ages .. . cut inventory carrying 

rges ... get automatic calcu- 
ee of metanile requirements 

sNrdering quantities. 


inicio such control? One 
manufactiter cut a 24-day in- 
ventory reporting cycle down to 
24 hours with Bn, {BM 650. An- 
other realized subdtantial sav- 

s by cutting his inaatory in- 
vestpot in half with aa IBM 


se Y 


COMPLETE MANUFAC > cman 


Not in inventory contro 
but in every area of se 
ing—from machine scheduling to > 
market forecasting, from engi- 
neering planning to cost analysis, 


new IBM techniques are revolu-/ 
tionizing management control Of a: 


manufacturing, (p'scores of CoM» a 
_ panies, IBM data processing sys- 


téms are supplying info¥mation 
once impossible to obtain. . . 
closing ee lag between fact 
and powort . . . and reducing the 
evér-all costs of production. 

All these benefits can be brought 
to your business, too, with meth- 
ods drawn from IBM's many 
years of experience. 


For all the facts on IBM Data 

Processing, and complete details 

on IBM Inventory and Manufac 

turing Control Methods, call your ® 


local IBM representative. DATA PROCESSING 
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high-speed 
camera 


Extend the time scale on mech- 
anical motion by a factor of 1 to 
200. Project and study repeti- 
tively at leisure for analysis and 
design advancements in your 
product. Use the Magnifax, for- 
merly the Kodak High-Speed 
Camera. 


magnificent 
picture 
quality 


Proved in years of use through- 
out industry, the Magnifax has 
a new name and one or two 
design improvements, but still 
provides the best picture quality 
in the field. Portable and con- 
venient, it features simplicity 
and versatility in use. 


If you aren't already familiar 
with the instrument, send for 
details. Or, can one of our field 
engineers call and show you 
sample films? 


Beckman ¢ Whitley INC. 


SAN CARLOS 11, CALIFORNIA 
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Plus or Minus 


Random Comments of the Editors and Readers 


Reader to Author to Reader 
James P. Wetsu, Head 


Electronic Equipment Thermal 
Reliability Section 

Aero-Mechanics Department 

CORNELL AERONAUTICAL LABORATORIES 


Dear Mr. Welsh: 


A reprint of your “Techniques of 
Cooling Electronic Equipment” (ELEc- 
TRICAL MANUFACTURING, November and 
December, 1958) has just landed on 
my desk. I wish to stand up and be 
counted among those who are truly 
grateful and appreciative. Something 
like this is long overdue. 

Could you give any reference or bib- 
liography for the other end of the deal: 
how much is the life expectancy ex- 
tended per degree reduction in tem- 
perature for various components? 

Yours to the last icicle, 
BENJAMIN B. Drisko 
Tippets INpustTRIES, INC. 
Camden, Maine 


Mr. Welsh replies: 

The effects of temperature on life are 
not completely known. Many tests have 
been conducted with specific component 
parts not subjected to all environmental 
conditions simultaneously. No one has 
correlated these effects for all parts 
in general for any one environmental 
condition, let alone all of them at once. 
All I can say is that the old rule of 
thumb of each 10 deg C rise reduces 
life expectancy 50 per cent still seems 


to hold. 


James P. WeELsH 


P.S.: I cannot use the icicles in the 
cryostat! 


Another reader comments on Mr. 
Welsh’s article: 


I have read with interest your article 
in the November 1958 issue of ELec- 
TRICAL MANuracturING (“Techniques 
of Cooling Electronic Equipment”). 

In this story you touch at some 
length on temperature measurement of 
small parts and describe the various 
ways of attaching thermocouples to 
surfaces. 

I was surprised that you omitted the 
welding of thermocouple wires, which 
is fairly common practice in many 
laboratories. 

We have developed portable welders 
and hand-tacking tools which can be 


used to secure fine thermocouples di- 
rectly to large bodies or weld thermo- 
couple junctions, which in turn can be 
secured to the larger bodies. The weld- 
ing of separate wires, as you point out 
in your article, results in low thermal 
mass and therefore quick response. 
Lux H. Ewap 
Ewap INSTRUMENTS 
Kent, Conn. 

Mr. Welsh replies: 

We have found that welded junctions 
are unnecessary for temperature meas- 
urements of electronic equipment, pri- 
marily because the thermoelectric junc- 
tions can be readily formed by solder- 
ing and the temperatures are such that 
the soldered junctions are stable. We 
do use welded junctions for higher- 
temperature applications—in fact, we 
use our welders in the construction of 
instrumented vacuum tubes, high-tem- 
perature electronic wiring, and in other 
high-temperature devices. Unfortunate- 
ly, each welded junction must be recali- 
brated because the welding sometimes 
disturbs the grain orientation in the 
thermoelectric junction and the Seebeck 
coefficient is modified. Consequently, 
soldered junctions were recommended 
in my article because welding equip- 
ment is not always available and 
soldered junctions are more economical 
to use in terms of technical manpower. 


James P. WELSH 


Capacitor Selection Chart 


In our February issue, page 138, we 
inadvertently omitted the name of the 
originator of the power-factor capacitor 
chart, its derivation and instructions 
for use. The article should have been 
credited to A. Covo, Westinghouse 
Electric Corporation, East Springfield, 
Mass. 


What is “Engineering?” 
In opening the recent seventy-fifth an- 
nual AIEE meeting, Dr. James R. 
Killian, Jr., contended that the public 
is confused about the role of the en- 
gineer, and urged engineers to present 
an accurate picture of the differences 
between, for instance, science and en- 
gineering. Dr. Killian is chairman of 
the Massachusetts Institute of Tech- 
nology Corporation and of President 
Eisenhower's Scientific Advisory Com- 
mittee. 

As quoted in the New York Times, 
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With the increased availability of tantalum, Sprague can now WRITE FOR ENGINEERING BUL- 


offer its famous TANTALEX® Capacitor line on Jarge-quantity, LETINS on the Sprague TANTALEX 


short-delivery schedules... covering complete ratings in all the Capacitors in which you're interested. 
“u d Address your letter to Sprague Electric 
types illustrated, Co., Technical Literature Section, 


307 Marshall St., North Adams, Mass, 
TANTALEX Capacitors are backed by thousands of test — ” a ae 


hours. They’re characterized by extremely low leakage current 


and unusually high capacitance stability even at low tempera- & 
tures. Sprague’s many types cover a temperature range of from ss MU R 1 fF 1 ; 
-55 Cto +125 C; voltage ratings from |/2 volt up to 150 volts. 
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to fill the needs you specify... 


Recognized engineering diversity. . . new, greatly enlarged capacity 
... new, maximum efficiency of production. Very simply, that is 
Phalo 1959. 

Producing For All Industry From The Most Modern Plant In The 
Wire and Cable Industry! 


Complete Product Data and Sales Service Information On Request 


PHALO ENGINEERED PRODUCTS: INSULATED WIRE 
AND CABLE, CORD AND CORD SET ASSEMBLIES, 
CUSTOM PLUGS, TUBING, WIRING HARNESSES, ETC. 


530-6 BOSTON TURNPIKE 


PLASTICS CORPORATION 
SHREWSBURY, MASSACHUSETTS 


Representatives in Leading Cities Throughout The U.S. A, 
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#+HOLE IN FUNEL TO 


Dr. Killian asserted that advanced 
mathematics, theoretical physics, quan- 
tum theory, Boolean algebra, numbers 
theory, nuclear structure and other 
subjects considered abstruse now had 
solid engineering applications. The 
engineering profession has an obliga- 
tion to “employ the art and science 
of engineering with zest and audacity 
to achieve a world in which people 
everywhere may lead free and abun- 
dant lives; to extend the recognition 
that engineering is a creative activity 
that augments man’s dignity and ua- 
derstanding and that affords him in- 
tellectual adventure of the highest 
order.” 

Dr. Killian also called for majo 
advances in engineering education in 
the nation, and for the engineer’s point 
of view to be brought to national 
policy-making: “By exchanging scien- 
tific and engineering viewpoints and 
working on common scientific prob- 
lems, men of all nations may be drawn 
closer together.” 


Any Old Motors? 


An inventory of outdated electrical 
equipment is under way by the Elec- 
trical Historical Foundation, Box 93, 
Newfane, Vermont. It is tabulating all 
equipment on display, in storage, or 
still in use throughout the United 
States and Canada. Information on any 
old equipment, “the older the better,” 
is being sought by the Foundation. 


THIS MONTH’S COVER 


Heat FLow is the idea we are trying to 
convey here and we are pretty obvious 
about it, even to the extent of labeling 
the cover with the title of this month’s 
Basic Science Insert. The “theory” is in 
the form of mathematical expressions for 
heat flow by convection (upward), by 
radiation (shown downward only by way 
of contrast) and by conduction (through 
the leads of the heating coil to its 
mount). Source of heat is 1°R, but this 
seemed too obvious to add to our layout. 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anne published in 
this issue. That goes for both advertising 
and editorial pages. : 

To provide a quick facility for requesting 

er information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 


IN CHECKING INQUIRY CARDS. 


Advertised Products 


Circle key numbers of those advertisements if 
you ~~ more information about what is ad- 
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New Components and Materials 


Reviews of new developments starting on 
page 232. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 210. 
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and editorial pages. 
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further information on nenens mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will pe: gesenaie by publisher 
if received by June |, 1959 


READER 
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SERVICE 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 


inquiry Cards from any page in issue 


Advertised Products 


Circle key numbers of those advertisements if 
yen Soe desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 232. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 210. 


Reprints of Editorial Feotures 


Article reprints, available without charge, are 
listed on page 196. For Special Reprints, see 
Order Form on page 204. 
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Why Skinner V5 solenoid valves are 
| problems 


solving so many contro 


Application: The Leland-Gifford 
nine-unit hydraulic drilling machine 
used for drilling crankshafts uses two- 
way Skinner VS valves to control the 
flow of coolant at each operating sta- 
tion of the fixture. 


ees 


Skinner stainless steel V5 valves 
are offered in two- and three-way con- 
struction, normally open, normally 
closed, directional control, multi-di- 
rectional, quick exhaust. Orifices: 
1/32” to- 3/8"; NPT ports: 1/8”, 
1/4”, and 3/8”; pressure ratings: to 
3000 psi. Explosionproof models UL 
approved for both Class 1, Group D 
and Class 2, Groups F and G are 
available. 


bd 


Automatic coolant operation: The 
Skinner V5 2-way normally closed 
valves are wired so that at the start 
of the drilling operation the valves are 
energized causing coolant to flow be- 
fore the drill starts its drilling pass. 
When the cycle is complete the drill 
retracts, the valves are de-energized 
and the flow of coolant is halted. 


Engineered to highest UL stand- 
ards: Body and internal parts of fre- 
quently copied V5 valve are stainless 
steel and, thus, corrosion - resistant. 
Durable, compressible inserts of soft 
synthetic materials insure bubbletight 
operation. Orifice seats have radius 
with well-rounded contact area and 
high finish for long insert life. 


Simple maintenance and repair: 
The design of Skinner V5 valves per- 
mits hand disassembly for cleaning 
without removal of the valve from the 
line. Coils, housings, plungers, sleeves 
are interchangeable and easily replaced. 


100% tested. Prior to shipment, 
every V5 valve is tested for both in- 
ternal and external leakage under full 
pressure conditions with modern, sen- 
sitive detecting equipment. In_ these 
laboratory tests Skinner V5 _ valves 
regularly get over 20-million cycles 
without leakage. And these results are 
constantly proving out in service. 


Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative 


listed in the Yellow Pages or write us at Dept. 384 


m ELECTRIC VALVE 
os DIVISIO NEW BRITAIN 


CONNECTICUT 
105 EDGEWOOD AVENUE 


Circle 112 on page 17 21 
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Why Skinner V5 solenoid valves are 
solving so many control problems 


Application: The Leland-Gifford 
nine-unit hydraulic drilling machine 
used for drilling crankshafts uses two- 
way Skinner V5 valves to control the 
flow of coolant at each operating sta- 
tion of the fixture. 


bie 


Skinner stainless steel V5 valves 
are offered in two- and three-way con- 
struction, normally open, normally 
closed, directional control, multi-di- 
rectional, quick exhaust. Orifices: 
1/32” to 3/8"; NPT ports: 1/8”, 
1/4”, and 3/8”; pressure ratings: to 
3000 psi. Explosionproof models UL 
approved for both Class 1, Group D 
and Class 2, Groups F and G are 
available. 


Automatic coolant operation: The 
Skinner V5 2-way normally closed 
valves are wired so that at the start 
of the drilling operation the valves are 
energized causing coolant to flow be- 
fore the drill starts its drilling pass. 
When the cycle is complete the drill 
retracts, the valves are de-energized 
and the flow of coolant is halted. 


Engineered to highest UL stand- 
ards: Body and internal parts of fre- 
quently copied V5 valve are stainless 
steel and, thus, corrosion - resistant. 
Durable, compressible inserts of soft 
synthetic materials insure bubbletight 
operation. Orifice seats have radius 
with well-rounded contact area and 
high finish for long insert life. 


Simple maintenance and repair: 
The design of Skinner VS valves per- 
mits hand disassembly for cleaning 
without removal of the valve from the 
line. Coils, housings, plungers, sleeves 
are interchangeable and easily replaced. 


100% tested. Prior to shipment, 
every VS valve is tested for both in- 
ternal and external leakage under full 
pressure conditions with modern, sen- 
sitive detecting equipment. In _ these 
laboratory tests Skinner V5 valves 
regularly get over 20-million cycles 
without leakage. And these results are 
constantly proving out in service. 


Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative 


listed in the Yellow Pages or write us at Dept. 384 
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MINOXO 
INDICATOR 


SUPER-SENSITIVE 
DEOXO INDICATOR 


for detection 


and measurement 
of oxygen or hydrogen 


impurities in other gases 


MINOXO INDICATOR ... measures traces of 
molecular oxygen in other gases—from 1 to 10 
parts per million, and from 1 to 100 PPM. High 
sensitivity and rapid speed of response enable it 
to be used for laboratory investigation and pro- 
duction quality control. 

SUPER-SENSITIVE DEOXO INDICATOR... 
measures Oxygen or hydrogen present as impuri- 
ties in other gases—from 2 to 200 parts per million 
oxygen and 4 to 400 parts per million hydrogen. 
Dual range permits measurement up to .25% 
oxygen or .50% hydrogen. Send for literature. 


CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 


Circle 113 on page 17 


CHEMICAL 
DIVISION 


WRITE FOR LITERATURE 


THERMOMETAL' for 


dependable temperature, 
electrical current and 


voltage control applications 


® 
THERMOMETAL 


Leading manufacturers depend upon the out- 
standing performance of Thermometal in elec- 
trical appliances, thermal cutouts, heating con- 
trols and many other applications involving the 
indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is 
supplied in strip form, rolled and slit to close 
tolerances and tempered to specification. Ther- 
mometal elements and sub-assemblies are also 
supplied to specifications, with or without con- 
tacts attached, Send for literature. 


) 


H. A. WILSON DIVISION * U.S. HIGHWAY 22 


UNION, N. J. 
Circle 114 on page 17 


H. A. WILSON 
DIVISION 


DOMESTIC DIVISIONS (AMERICAN PLATINUM @ SILVER DIVISION, AMERSIL QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 


EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, MANOVIA LIQUID GOLD DIVISION, 
REFINING DIVISION, DB. E. MAKEPEACE DIVISION, NATIONAL ELECTRIC INSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION, H. A. WILSON DIVISION 
COMPANIES ABROAD! ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO, ENGELHARD INDUSTRIES OF QUEBEC, LTD. MONTREAL, ENGELHARO INDUSTRIES, LTD 
LONDON, ENGELMARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY., LTD. MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S$. A. BOGOTA, 
INDUSTRIE ENGELHARD &.P. A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, LTO. JOHANNESBURG. ASSOCIATED COMPANIES: acme TIMBER INDUSTRIES LTD., 
BOUTH AFRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA, AZOPLATE CORPORATION, CHARLES ENGELHARD, INC., NUCLEAR CORP, OF AMERICA, 


BAKER PLATINUM DIVISION, CHEMICAL DIVISION, IRVINGTON-BAKER 


INC., U.S.A, 
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fine wire 
for every application 


Here, you will find a thoroughly dependable 
source for fine wire of ductile and non-ductile 
materials for every application. Special processes 
have been developed for bare drawing wire as 
fine as .0004”. Where smaller fine wire is re- 
quired, the Wollaston Process for ductile metals 
and the Taylor and Extrusion methods for non- 
ductile materials are employed. All standard fine 
wire requirements are stocked for prompt deliv- 
ery. Full facilities are available for the production 
of fine wires made to your own specifications. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 
Circle 115 on page 17 


BAKER 
PLATINUM 
DIVISION 
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gold and rhodium plating 
for corrosion-resistant 
surfaces 


ATOMEX® is a 24k gold immersion solution that 
permits the deposition of a thin, dense, uniform 
layer of 24k gold on printed circuits and metal- 
lized plastics by means of a simple bath. The 
Atomex procedure is more permanent and less 
expensive than electroplating of comparable 
thickness, Costly analytical control is unnecessary. 

Rhodium—a complete line of plating solutions 
are also available for high-reliability electrical 
and electronic applications. Rhodium is highly 
resistant to corrosive atmospheres, oxidation and 
arc erosion—reduces wear on moving surfaces 
assures low noise level for moving contacts, no 
oxide rectification, low and stable contact resist- 
ance. Rhodium plating is indicated when a low- 
resistance, long-wearing, oxide-free contact is re- 
quired. Send for literature. 


CHEMICAL DIVISION * 113 ASTOR STREET 


NEWARK, N. J. 
Circle 116 on page 17 





Save Time and Trouble 
by Standardizing on BUSS Fuses 


YOU'LL FIND THE RIGHT FUSE EVERYTIME...IN THE COMPLETE BUSS LINE 


By using BUSS as your source for 
fuses, you can quickly and easily find 
the type and size fuse you need. The 
complete BUSS line of fuses includes: 
single-element (both quick blowing 
and for normal circuit protection) and 
dual-element (slow blowing) types. . . 
in sizes from 1, 500 amp. up plus a 
companion line of fuse clips, blocks 
and holders. 

BUSS TRADEMARK 
1S YOUR ASSURANCE OF FUSES OF 
UNQUESTIONED HIGH QUALITY 

Over the past 43 years, millions upon 
millions of BUSS fuses have operated 
properly under all service conditions. 


BUSS fuses are made to protect <not to blow, needlessly 


Thus, BUSS fuses have earned a reputa- 
tion for accurate and dependable elec- 
trical protection. 


To make sure this high standard of 
dependability is maintained . .. BUSS 
fuses are tested in a sensitive elec- 
tronic device. Any fuse not correctly 
calibrated, properly constructed and 
right in all physical dimensions is auto- 
matically rejected. 


SHOULD YOU HAVE A SPECIAL PROB- 
LEM IN ELECTRICAL PROTECTION... 
The BUSS fuse engineers are at your 
service—and in many cases can save 


Circle 117 on page 17 


you engineering time by helping you 
choose the right fuse for the job. When- 
ever possible, the fuse selected will be 
available in local wholesalers’ stocks, 
so that your device can be serviced 
easily. 


Before your final design is crystal- 
lized, be sure to get the latest informa- 
tion on BUSS and FUSETRON Small 
Dimension fuses and fuseholders . . . 
Write for bulletin SFB. 


Bussmann Mfg. Division McGraw- 
Edison Co., University at Jefferson, 
St. Louis 7, Mo. 


BUSS MAKES A COM- 
PLETE LINE OF FUSES 
FOR HOME, FARM, COM 
MERCIAL, ELECTRONIC 
AUTOMOTIVE AND IN 
DUSTRIAL. USE. 


TRUSTWORTHY NAMES in 
@LECTRICAL PROTECTION 


wy 
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efficiency at. 


operating temperatures 


SILICON 
POWER 
TRANSISTORS 


Available Now in production quantities! 


The Westinghouse Silicon Power Transistor pictured 
above is a highly efficient device which greatly increases 
the range of applications for transistors which must oper- 
ate without high losses in the “true power range.” Thanks 
to a remarkably low saturation re ‘sistance—less than .750 
ohms at 2 amperes and .5 ohms at 5 amperes—these tran- 
sistors possess very low internal dissipation, and can be 
efficiently used in applic ations where they must handle as 
much as 1000 watts. For example, as a DC switch, handling 
750 watts (150 volts at 5 amps) the internal dissipation is 
about 9 watts, with an efficiency of better than 99% 

Additionally, and unlike germanium units which are 
limited to approximately 85°C, these transistors can oper- 
ate in ambient temperatures up to 150°C. Thus, even where 
the higher power rating is not required, these units may 
be used for their high temperature capabilities. 

There are a great many applications for which this new 
type of silicon power transistor is ideally suited. It will find 
use in inverters or converters (AC to AC; AC to DC; 
DC to AC; DC to DC), regulated power supplies, servo 
output, and other aircraft circuits, as well as in certain 
amplifiers and switching applications. 

estinghouse Silicon Power Transistors are available 
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in 2 and 5 ampere collector ratings. Both of these are 
available in 30, 60, 100, and 150 volt ratings in production 
quantities for your immediate applications. Sample quan- 
tities are available in higher voltage ratings. Call your 
Westinghouse representative or write directly to Westing- 
house Electric Corporation, Semiconductor Department, 
Youngwood, Pennsylvania. 


LOW SATURATION RESISTANCE 


Important improvements in 
silicon purification and 
transistor fabrication have 
produced a new series of 
Westinghouse Power 
Transistors of exceptionally 
low saturation resistance, 
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YOU CAN PROVE 


Cutler-Hammer Motor Control 


works better...lasts longer 


CUTLER-HAMMER & 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiory: Cutler-Hammer International, C. A. = ' 
Associetes: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation 
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MOLDED MAGNET COILS 
ORE IE RB 8 


The strength and durability of the Cutler- 
Hammer Molded Magnet Coil is but one ex- " 
ample of how Cutler-Hammer Motor Control al Bullet 
is built better to last longer. Rifle bullets after impact 
couldn’t pierce or shatter this coil. What am : a 
chance is there of it being damaged when an : : Proof of durability 
electrician’s screwdriver slips or when the coil . . . this Molded 
is dropped? Boiling oil has no effect on this E Magnet Coil 

: : : : : ‘ works perfectly 
coil. What chance is there of it ever being ; even after being 
penetrated by moisture or distorted by high f» struck by a rifle 


ambient temperatures? po he — and boiled 
a , in oil. 


To function properly motor control contacts 
must stay clean. And because dust can’t collect 
on a vertical surface, only vertical contacts 
are truly dust-safe. Recent dust-chamber tests #1 Horizontal 
of vertical and horizontal contact type motor Contact Starter 
starters confirm this fact. After four hours of #2 Horizontal 
“dusting,” the contact resistance of Cutler- Contact Starter 
Hammer vertical contacts remained constant. Vertical Contact 
; ; C-H Starter 
But the contact resistance of horizontal con- 
tacts skyrocketed, and as contact resistance ° 100% 200% 300% 400% 
increases so does heating, pitting, and wear Dust Environment Test of Vertical and Horizontal Contact Type Motor Control 
resulting in rapid contact failure. 


ADJUSTABLE 3-COIL OVERLOAD RELAYS 


Only 3-coil overload relays can provide de- 
pendable overload protection for three-phase 
motors under all operating conditions. Why 
gamble with costly motor burnouts by using 
motor control that protects only two of the 
three motor windings? 3-coil overload relays 
can be provided in all standard Cutler-Hammer 
Motor Control, no oversize enclosures, or as an 
open component for low cost panel mounting. 
Further, Cutler-Hammer Overload Relays are 
adjustable to within 3% of full load motor 
current, not 10% or 12% as others. Cutler- , © | Heater coils can be placed 
Hammer Overload Relays allow the motor to y S -j in any of the four posi- 
work up to full capacity, provide positive 2 _ : tions to adjust the over- 


protection without nuisance tripping. 4 ma |e Fs gph pp veneer 


Molded magnet coils, vertical dust-safe contacts, settle for less when Cutler-Hammer Motor 
and adjustable 3-coil overload relays are plus Control costs no more. Write today for Pub 
features that add up to bonus performance [EN150-H231.Cutler-Hammer Inc., Milwaukee 1, 
wherever Cutler-Hammer Control is used. Why Wisconsin. 
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FOR THE FIRST TIME... ALL IN ONE WIRE! 


ee 


Phelps Dodge magnet wire 
is available in modern 
non-returnable spools, reels 
and “Pakeze" containers 


WINDABILITY 
SOLDERABILI1 
VARNISHAB 


a . ” . 
— lays in” easier. 


no damage to copper conductor. 


— safer in 
hot varnish solvents. 


ELD-TE — uniquely balanced 


properties provide better thermail life. 


Nyleze* is another example of the advanced magnet wires 
developed by Phelps Dodge through its Applied Research. 
It is a new combination of materials with highly desirable 
properties for use in such applications as series armatures 
and fields, stators, potted coils, random wound coils, toroids 
and other difficult winding designs. These properties suggest 
possibilities for cost economies and improved designs that 
result in better operating performance of your equipment. 


*Nyleze is red in color 


ELECTRICAL MANUFACTURING 





GLASS B 


APRIL 1959 Circle 120 on page 17 





is 
ANOTHER BY THOMAS & BETTS |= yg 


THE NEW | ® 


= _VIBRA-S mer 


TERMINAL ATTACHING MACHINE 


for self-insulated STA-KON® wire terminals in 


AIRCRAFT, MISSILES, 
ALL ELECTRONIC EQUIPMENT 


Self-Insulated STA-KON Terminals attached with the VIBRA-STAKE machine 
meet all Military Standard Specifications and performance requirements. 





Here’s a brand new concept in attaching 
machines for STA-KON’ terminals 


LOOK AT THESE (V3) VIBRA-STAKE FEATURES 


ENGINEERED 


——e A fe i 
ea, LL 
PY) ad I 
For the first time, you need only one stock of standard 
not special—terminals for both hand tool and machine 
staking! One machine accepts a wide variety of Sta-Kon 
terminals and connectors, 22 through 10 wire sizes. 
SPEED—The VIBRA-STAKE machine is faster because—it 
is easier to load and operate, simpler to maintain, more 
consistent in operation. These, and other important fea- 
tures, permit higher production rates—resulting in lowest 
installed cost. 


Installations have high strength and positive electrical 
contact. Protective plating always covers the entire ter- 
minal—never leaves any bare spots. 


FREE DEMONSTRATION at your request. 


Descriptive literature also available. Mail coupon today! 


T&B Sta-Kon Terminals and the VIBRA-STAKE machine are sold by local T&B distributors through 
out the country, as part of their complete line of fine electrical fittings and tools. 


All T&B products available only through authorized T&B distributors 


THE THOMAS & BETTS CO. 


28 Butler Street, Elizabeth 1, N. J. cr shia titans tethemniiie ti 92 


28 Butler Street, Elizabeth 1, N. J. 

Yes! I'm interested in the following: 

[1] A free demonstration of VIBRA-STAKE electric terminal attaching 
machine. 

() Descriptive literature fully explaining the benefits of VIBRA-STAKE 


| 

| 

| 

| 

| 
| machine. 
| 

| 

| 

| 

t 


1 


Thomas & Betts, Ltd., 


rn Montreal, P.Q., Canada 
ENGINEERED 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE C) A call trom my loca: T&B representative. 


Cb eit teciniensienantictneien sesenssntitteenipinninsnaisnnsns WOOT gna aE REE 
CONROY eee ———————————— 
D0 0 cece 
ities Zone ican 
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Do Your Gear Applications Require CLUSTERS? 


If you are producing Aerial Cameras— Windshield Wipers—Tape 


Dispensers—Fire Control Apparatus—Computing Equipment— 
ee. or many other items where combinations of different Gear types 
are needed, G.S. Clusters will give you the maximum in precision 
design. Spurs or Helicals in combination with straight and spiral 
bevels, spur pinions, worm gears, and clutches are all made with 
the consistent ‘“‘better-than-spec’” quality for which G.S. is 
famous all over the country. 

Perhaps you have an irksome problem involving such clusters 
—or some other Small Gearing application. G.S. engineers will 
be glad to sit down with you and discuss solutions, in the light 
of our more than four decades of experience in every area of 
U.S. industry where precision Small Gearing is used in quantity. 


Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS: SEND FOR GS. illustrated folder! See where and how we mass-manufacture 
Small Gearing to uniformly fine tolerances. Folder contains 23 pictures of 
Small Gears, plant view, as well as Diametral and Circular Pitch Tables. 


Ask for your copy on company stationery, please! 


Why don’t you write or phone us—today? 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS ‘ 2 
OF FRACTIONAL HORSEPOWER GEARING F Yous of Luecialiging in Small Gearing! 
e 
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simplify production of Hydraulic Cylinders 


You can cut production time and costs on hydraulic 
cylinders with B&W Welded Carbon Steel Tubing 
because it can be supplied with a Special Smooth 
ID Finish. You get: 
..@ guaranteed maximum average micro-inch 
finish on the inside diameter 
.. close and uniform size tolerances to meet 
your specifications 
... uniform mechanical properties for assured 
performance 


The uniform inside finish of this type of tubing as 


TA-9001-WM1 


received from the mill eliminates or greatly re- 
duces the necessity for boring, grinding or pol- 
ishing for hydraulic applications. Continuous qual- 
ity control at B&W—with ultrasonic testing sup- 
plementing regular, accepted methods of inspection 
—makes sure you get tubes matched to your job. 
For complete information about B&W Job-Matched 
Smooth ID Welded Tubing call the local B&W 
District Sales Office or write for Bulletin TB-428. 
The Babcock & Wilcox Company, Tubular Prod- 
ucts Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Can a better spring save you money? 


then put American Spring Engineering 
Research Service to work for you! 


OULD you like the springs you now use to last longer? Would you like to cut 
their cost? Do you need design assistance on a difficult new spring application? 
American Steel & Wire may be able to help you. 

We maintain complete spring testing facilities to help you solve any spring problem. 
Our spring engineering specialists can help you improve the design of your spring. 
We can help you determine the best possible steel to use. Then, we can completely 
check spring performance. We can simulate any spring operating condition and verify 
these recommendations in terms of improved service in your product. 

Hundreds of companies have taken advantage of this service and have profited 


from it. Why don’t you? Just write American Steel & Wire, 614 Superior Avenue, 
N. W., Cleveland 13, Ohio. 


USS is a registered trademark 


Heavy-Duty Clutch Springs Last Longer Now —Thanks to AS&W Spring Research! 


The Lipe-Rollway Clutch Division, Lipe-Rollway Corporation, Syracuse, New York, asked 
AS&W Spring Engineering Research Service to determine if design change would lengthen 


the life of the flat wire compression springs used in their clutches. AS&W recommended de- 
sign changes that greatly increased the spring life. 
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AS&W Spring Tests Make Possible 
New Design Rocking Chair! 


40,000 springs—not one failure—American Steel & 
Wire helped Homecrest Company, Wadena, Min- 
nesota, design a round wire helical torsion spring 
for an unusual new type of swivel rocking chair. To 
date, 20,000 of these chairs have been sold, but not 
one failure of the 40,000 springs has been reported. 


Design Change Increases Operating 
Life of Garage Door Springs! 


The Steel Door Corporation, Birming- 
ham, Mich., asked the AS&W Spring 
Engineering Research Service for a sta- 
tistical evaluation of the fatigue life of 
this extension hook-type spring. As a 
result of the test, AS&W recommended 
a design change which has materially 
lengthened the operating life of the 
spring. 


American Steel & Wire 
Division of 


United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors + United States Stee! Ex 
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Instantly, 
Smoothly, 
new “Contact Bronze” 


applies graduated power 


to heavy-duty trailer 
brakes 


COSTS 25% LESS 

These contact leaves are stamped and formed from 
Bridgeport “Contact Bronze" Alloy 92 at a savings of 
25%. Its performance-proved spring properties provide 
part reliability through thousands of cycles. 


This ingenious electric brake system devised by Warner 
Electric Brake & Clutch Company gives the driver instan- 
taneous synchronization of all brakes. Through a graduated 


series of Bridgeport “Contact Bronze” leaves, it lets the driver 


adjust torque smoothly to suit load and road conditions. 
“Contact Bronze” Alloy 92 saves up to 25% on material 

cost. Its quality and dependability are maintained by the 

addition of a minute quantity of phosphorus for superior 


FORMS EASILY 

Warner Electric Brake system for heavy-duty trailer 
combination is actuated by this controller. This view 
shows the series of easily formed “Contact Bronze” 
leaves that transmit power in smoothly graduated steps. 


spring properties. It easily withstands difficult forming 
operations without losing its spring properties. 

If you form or stamp contact parts for electrical or elec- 
tronic equipment, you will want details on “Contact Bronze,” 
as well as Bridgeport’s other alloys for the electrical indus- 
tries. Call your nearby Bridgeport sales office for immediate 
service or, for samples and a copy of the “Contact Bronze” 
data sheet, write to Dept. 4202. 


Bridgeport 2, Conn. « Sales Offices in Principal Cities 


meas BRIDGEPORT BRASS COMPANY 


Specialists in Metals from Aluminum to Zirconium 
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ALLEN-BRADLEY 


REVERSING 
DRUM 
SWITCHES 


... Styled to match the most 
modern production machines! 


Inside and out—this Allen-Bradley drum switch 
is all new. Its trim, modern lines and attractive 
die-cast aluminum handle will give your 

production machines ‘‘up-to-the-minute”’ styling. 


But there is more than beauty to this new 
switch. The rugged switch mechanism is a self- 
contained unit —independent of the enclosure. 
Misalignment and binding cannot occur. The base 
mounts directly on machine surfaces— without 
using spacers. And with the wrap-around cover 
removed, terminal screws are exposed for fast 
wiring —from the front. Changeover from 
momentary to maintained contact operation can 
be made in seconds. Investigate this new 
“‘leader’’ in its field. Send for Publication 6091. 


ALLEN-BRADLEY 
. Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
Quality Motor Control ‘in ~ ema ol Adnan Conahe Ltd., Galt, Ont. c 


3-59-MR 





Multi-speed Drum Switch for 
starting, speed changing, and re- 
versing of multi-speed squirrel cage 
motors, Bulletin 365. Max ratings: 
75 hp, 220 v; 150 hp, 440-550 v. 


Reversing Drum Switch for 
across-the-line starting and revers- 
ing a-c and d-c motors. interlocks 
available. Bulletin 350. Max 
ratings: A.C. 20 hp, 220v; 40 hp, 
440-550v. D.C. 3 hp, 115-230v. 


Speed Regulating Drum 
Switch for starting and regulat- 
ing duty of wound-rotor motors. 
Bulletin 375 non-reversing. Max 
ratings: 500 hp, 220-440-550 v. 
Bulletin 385 reversing. Max ratings: 
60 hp, 220 v; 75 hp, 440-550 v. 


For years of dependable performance 


ALLEN-BRADLEY DRUM SWITCHES 
have no equal! 


These Allen-Bradley drum switches provide simple and 
economical control for alternating current motors. Although 

low in cost, these unusually rugged switches are built under 
Allen-Bradley standards of quality . . . your assurance of 
reliable, trouble free performance. And this broad line of drum 
switches offers a variety of mounting types, operating handles, 
and interlocks to satisfy practically every requirement. Let 

us send you details on this versatile line of drum switches. 


ALLEN -BRADLEY 


Quality Motor Control 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





Now...all sizes and shapes 
of SX Magnet Wire 


for every “‘hot spot’’ application 


ESSEX 


Thempretlex:-F 


MAGNET WIRE 


Class F (155°C) 


Rounds, squares and rectangulars also available 
with single and double glass coverings 


VERSATILE GENERAL PURPOSE APPLICATION 
Thermalex-F is not a special wire but 
has properties required for a general 
purpose application and can be used 
through the 105 C-155°C temperature 
range...Class Aapplications as wellas 
Class F... eliminating the need for buy- 
ing more than one type of magnet wire. 
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OUTSTANDING THERMAL STABILITY 
A.1.E.E. 457 “Procedure for Evaluation 
of the Thermal Stability of Enameled 
Wire" which is an accepted test, indi- 
cates a 30,000 hours life at 170°C for 
unvarnished specimens. 


Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 


THE WIRE DESIGNED WITH THE FUTURE IN MIND 


Magnet Wire Division 
ESSEX WIRE CORPORATION 
Fort Wayne, Indiana 


Manufacturing Plants: Birmingham, Ala.; Anaheim, Cal.; 
Fort Wayne, Ind.; Hillsdale, Mich 


National network of Warehouses and Sales Offices 
jee Call your local “Essex Man.” 
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Model D Miulli-Switches 


for heavy duty precision industrial 
and electronic switching applications 


Milli-Switch performance assures you the precision, sensitivity and 
dependability you need for snap-action switching devices and controls 

. for appliances, aircraft, amusement devices, vending machines, 
safety equipment, machine tools and other electrically operated 
equipment. 


Designed to meet JAN-S-63 and MS-25026-1 specifications. 


Write today for our new bulletin, and for a consultation by our 
engineers on your specific applications. 


Fs. 


628 
OPERATING 


WORMALLY CLOSEO TERMINAL 


*.002 
001 
— 140 DIA, HOLE 


Rer 
6-32NC K 216 BINDER 
HEAD TERMINAL SCREWS 
AND WASHERS (SEMS). 


Le soi I 
TERMINAL 


NORMALLY Oren 
TERMINAL = 


Alternating Current Ratings at 60 Cycles 
These ratings apply only to switches having contact break distance 
of .020 inch minimum. Maximum inrush current 30 amperes for 
normally-closed contacts and 15 amperes for normally-open contacts. 


Heater Load Lamp Lood 


Normally- 
closed 
contacts 


For normally-open 
or normally-closed 
contacts 


Normally - 
open 
contacts 


Alternating 
Current 


Amp. Amp. 


Your Choice of 6 Activating Mechanisms 


Motor, Relay & 
Solenoid Load 


For normally-open 
or normally-closed 
contacts 





110-125 1.5 3.0 





1.25 
0.75 


220-250 2.5 


440-460 





0.50 


MILLI-SWITCH CORP. 
Frankfort, Indiana 


M 


MALLORY & CO 


a subsidiary of 


aie 
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Reliance 400-hp hermetic motor insulation of “Lecton” resists 
‘refrigerants and oils—can he used at temperatures to 130°C. 


Excellent resistance to refrigerants at 
moderate cost makes “‘Lecton’’* acrylic 
resin-coated glass fabrics ideal insula- 
tion on hermetic refrigeration motors 
for Reliance Electric and Engineering 
Co. Tested for over a year by Reliance, 
**Lecton’’ proved the most satisfactory 
insulation for their line of up-to-600-hp 
refrigerant-cooled hermetic motors. 
“‘Lecton”’ is virtually unaffected by 
fluorinated hydrocarbon refrigerants 
and lubricating oils— performs continu- 


DU PONT INDUSTRIAL 
COATED FABRICS 
CEMENTS 


SHEET STOCKS -° 


REG. U. 5, Pat. OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY —_ 


APRIL 1959 


ously at Class B temperatures. Reliance 
uses ‘‘Lecton’’ for slot liners, top and 
mid-sticks, and as tape for wrapping 
pre-formed coils. 

Du Pont makes “‘Lecton’’-coated fab- 
ric products available in a variety of 
forms and thicknesses to meet a wide 
range of insulation needs such as slot 
liners, phase separators, end-turn insu- 
lation, preformed coil-insulating tapes, 
top sticks for motors and transformer 
layer insulation. All are highly resistant 


Name. 
Firm 
Address 


City 
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E. I. du Pont de Nemours & Co. (Inc.), Dept 
Fabrics Division, Wilmington 98, Delaware. 

Please send me more information on these new “Lecton’’-voated 
fabric insulation materials with superior refrigerant and temperature 
resistance. I am interested in using “‘l.ecton”’ fabric for 


Zone_______ State 


to refrigerants, lubricating and trans- 
former oils and common solvents. 
“Lecton’’ can be used at temperatures 
upto300°F. Conditionsof relatively high 
humidity have little effect on its dielec- 
tric strength. 

For specific information on proper- 
ties of ‘‘Lecton’’ and how it may be used 
in your operations, mail the coupon or 
write: E. I. du Pont de Nemours & Co. 
(Inc.), Fabrics Division, Department 
EM-94. 


*“LECTON” is Du Pont's registered trademark for its acrylic resin-coated fabrics. 


EM-94 
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RUST-RESISTANT 


ta 


New protective shaft finish resists rusting, 
looks better, lasts longer 


General Electric Form G motors 

feature a special gun-metal-like treat- 

ment of the shaft which resists rust 

and corrosion. Fans, pulleys, and 
couplings are easy 
to remove. Even 
endshield latches 
and hardware now 
are bright plated to 
last longer, look 
better. G-E Form 
G motors assure 
you the extra life 
and easy mainte- 
nance your custom- 
ers want! 


GENERAL @@ ELECTRIC 
JUST ASK YOUR 
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Large oil supply and superb retention system 
cut maintenance 


Form G motors require little reoiling 
and on some applications no reoiling 
at all. This results from a 50% 
larger oil reservoir plus a_ highly 
efficient method of 
retaining oil. (On 
G-E ball bearing 
motors, a_ special 
long-life grease 
gives up to 10 
years’ service with- 
out relubrication.) 
Another good rea- 
son for you to 
choose General 
Electric Form G’s! 
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Sturdy, disk-type endshields assure accurate 
bearing alignment 


General Electric Form G’s feature 
disk-type endshields, heavily ribbed 
for high rigidity and long life. 
The rabbet and bearing are placed 
in the same plane 
and machined si- 
multaneously to 
provide inherent 
bearing alignment. 
Form G endshields 
won’t warp! Ac- 
curate, permanent 
alignment means 
longer bearing life 
and dependable 
motor operation. 


GENERAL @@ ELECTRIC 
SALES ENGINEER 


ELECTRICAL MANUFACTURING 





Form G motors 


YOU CAN 


NUT RU 
TA 


Dependable centrifugal switch gives quiet, 
positive snap-action 


The centrifugal switch on Form G’s 
is designed to stand up to heaviest 
demands (3,500,000 test opera- 
tions). Add to this a switch that’s 
quieter than ever. 
A carefully de- 
signed composition 
washer greatly re- 
duces start-stop 
click without sacri- 
ficing positive snap 
action. Here’s an- 
other Form G dif- 
ference that means 
more satisfied cus- 
tomers for you! 


GENERAL @@ ELECTRIC 
ABOUT THE NEW 


APRIL 1959 


NY] 
mat 


Washer assembly absorbs thrust from any 
direction; contributes to longer life 


A specially-designed three-piece 
thrust washer assembly, keyed to 
rotate with the shaft, withstands 
normal thrust from any direction, re- 
gardless of motor 
angle. It also acts 
as an oil seal to 
help provide posi- 
tive oil retention, 
contributing to 
longer lubrication 
life and reduced 
maintenance. If 
you're looking for 
a motor that’s built 
to last, try Form G! 


GENERAL @@ ELECTRIC 
FORM G “EX 
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Heavy-duty bonding dip and stator clamps 
provide rigid, uniform assembly 


Along with the Mylar*-Formex** in- 
sulation system pioneered by G.E., 
you now get a new bonding treat- 
ment on Form G motor stators. It 
affords added pro- 
tection against 
stress. Stator cores 
are now specially 
clamped for highly 
accurate alignment. 
These new features 
result in extra rigid- 
ity, more uniform 
quality. Here’s 
longer motor life! 


*Reg. trade-mark, DuPont Co 702-91 
**Reg. trade-mark, G.E. Co 
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Sola Constant Voltage Filament Transformer is an integral part of this Electro- 
Pulse, Inc. Megacycle Pulse Code Generator. It provides regulated filament 
voltage for reliable operation of the equipment and for full life of its electron tubes, 


Sola transformer regulates filament voltage 
within +1%——protects tubes from 
inrush currents and line transients 


Fluctuations in supply voltage for electron tube fila- 
ments can be costly . . . in shortened tube life . . . in 
substandard performance . . . in equipment downtime. 
Electro-Pulse, Inc. solved its filament voltage problems 
through this straightforward approach: the company’s 
Megacycle Pulse Code Generator includes a Sola 
Constant Voltage Filament Transformer built-in as 
part of its power supply. 


This versatile unit does the step-down job of a con- 
ventional transformer and it also regulates the filament 
supply — a task that ordinary filament transformers 
don’t pretend to do. Filament voltages are stabilized to 
within +1% even with line voltage variations as great 
as +15%. Its current-limiting characteristic protects 
tubes from cold inrush currents upon starting—as well 
as from line transients. It is a simple, reliable static- 


magnetic regulator with automatic and virtually instan- 
taneous action, Variations in input voltage are usually 
corrected within 1.5 cycles. There are no tubes or mov- 
ing parts, and no manual adjustment or maintenance 
is necessary. 


The filament voltage regulator illustrated is only one 
of a complete line of Sola Constant Voltage Transform- 
ers having wide application in electrical and electronic 
devices. They include such special types as harmonic- 
free, plate-filament, and adjustable output units—all 
provide the benefits of regulated input voltage. More 
than 40 ratings of these compact, economical regulators 
are available from stock, and Sola manufactures cus- 
tom-designed units (in production quantities) to meet 
special needs. 


For complete data write for Bulletin 6D-CVF-269 


Sola Electric Co., 4633 W. 16th St., Chicago 50, II!., Bishop 2-1414 © Offices in principal cities © In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont. 


SOLA 
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good 
Riverside continuous casting saves - 
you production time, cuts rejects riddance 


Brass and other copper-based strip, rod, and wire from to 
Riverside produces consistently better end products for vr p 
you—free of weak points that result in rejected pieces Sw 

or whole batches. Eh 


How do we do it? By continuous casting, a process al ed 
we introduced to this country—a process that elimi- eese 
nates air holes and impurities, leaving a dense, homo- 


geneous casting for better wire-drawing and other Le bated. ! 


fabrication requirements. 


Get the full cost-saving story from Riverside-Alloy 
Metal Division, H.K. Porter Company, Inc., Riverside, N.J. 


RIVERSIDE-ALLOY METAL 
DIVISION 


H.K.PORTER COMPANY, INC. 


DIVISIONS: Connors Steel, Deita-Star Electric, Disston, Forge & Fittings, Leschen Wire Rope, Mouldings, National Electric, 
Refractories, Riverside-Alloy Metal, Thermoid, Vulcan-Kidd Steel, H. K. Porter Company (Canada) Ltd 
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CONVENTION HALL - PHILADELPHIA 


TO GET MORE OUT OF THE SHOW... 
Attend the Design Engineering Conference 


Sponsored by the Machine Design Division 
American Society of Mechanical Engineers 


You’ll hear searching examinations of the major prob- 
lems of product design and development by outstand- 
ing experts in your field. The three major areas of 
product design — mechanical, electrical and materials 
— will be taken up in separate sessions. You'll partici- 
pate in panel sessions aimed at giving you answers to 
specific questions, helping you profit from the ideas 
and solutions of others, and providing a more meaning- 
ful perspective on the responsibilities of your job. 


Don’t miss the must event of the year for everyone con- 
nected with product design, research and development. 


Write for your Registration Cards today! 


Send for as many cards for yourself and your col- 
leagues as you wish. 


Write: CLAPP & POLIAK, Inc. - Exposition Management 
341 Madison Avenue, New York 17, N. Y. 
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The ides shi TEE asst cons 
cerned with product design, 
research, and development. 


" 


375 of the nation’s leading man- 
ufacturers showing mechanical, © 
electrical and electronic | 
nents, metals, non-metallic mate- | — 
rials, fasteners, finishes and 


; cae shapes and forms, hy- 


MAY 25 - 28, 1959 


ACTION DEMONSTRATIONS 
Exhibits feature working models, cut-aways, 
technical illustrations — to bring you as close as 
possible to the product story. 


ENGINEERING PERSONNEL 
Bring your blueprints. 
booths with engineers. They can help engineer 
your problems on the spot. 


PERFORMANCE TESTING 

Wherever possible, products will be subjected to 
performance tests to prove to you, in person, 
their capabilities. 


CATALOGUES AND 

TECHNICAL LITERATURE 

Hard to obtain technical data is available at 
the source. Exhibitors make available to you 
their published data in one place — at one time. 


Exhibitors staff their 


nd pneumatic compo- 

“power transmission, 
research and testing equipment, 
ering equipment and serv- 
1ousands of products to 


eae do a better design job 


and reduce manufacturing costs. 


PRODUCT APPLICATIONS 

Exhibitors in this show concentrate on display- 
ing imaginative applications of their products 
to suggest design solutions. 

NEW SOURCES 

Within the ranks of some 375 exhibitors, you'll 
find new sources of supply for materials, prod- 
ucts, components, and services you require. 
PRODUCT COMPARISON 

Check competitive claims immediately by going 
from one booth to another. 


SAMPLES 

Take home for trial and test actual samples ot 
products you're interested in. Most often they’re 
available in exhibitors’ booths. 


IDEAS 


Your eyes will be opened to thousands of appli- 
cations, suggestions, demonstrations, that can 
spark new thinking —speed your designs to a 
successful conclusion. 
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There’ll be a hot time in the old ionosphere tonight. But 
with Fenwal’s new Miniature Hermetically Sealed THERMO- 
SWITCH Unit aboard everything will be under control. This 
tiny Fenwal unit responds quickly and accurately to tempera- 
ture changes — it’s reliable! 

It’s hermetically sealed, yet field adjustable. Even extreme 


vibration and shock won't upset its control characteristics 
— it’s built to take it! 


But most of all, this corrosion-resistant Fenwal unit does 
it all with exacting control of within 1° — in temperatures 
of —20°F to +200°F (—65°F to +220°F exposure limits). 


You’re in for a And it’s the only unit that has all three features — small 


size, ruggedness and precision control! 
a If missiles are your business you’ll want all the information 
Hot ! ime on this tiny, tough, sensitive and reliable control. For more 
information on this unit or complete Fenwal temperature 
control systems, write for our catalog. If you want, we'll 


send our sales engineer, too. Fenwal Incorporated, 54 


but Fenwal’s New Miniature Pleasant Street, Ashland, Massachusetts. 


Hermetically Sealed THERMOSWITCH* Unit will control it—precisely! 


The new Fenwal Miniature THERMOSWITCH Unit (compared 
here with a lump of sugar) weighs less than 14 oz. Its current 
capacity is 2.5 amps, 115 VAC, 2.0 amps, 28 VDC. Widely 
used for crystal ovens, tuning forks, gyro assemblies, missile 
blankets and missile batteries. 


CONTROLS TEMPERATURE... PRECISELY 
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Got a problem that calls 
for thread-cutting screws? 


PARKER-K. eR ai of fe rs Aa wel, MRO ( thre ad-cutting 


SCTEWS for every application DL a mL 


New, Improved P-K Type F* 


... hardened thread-cutting 
screws developed for use in 


“Pentap”. . . the new, 
Improved P-K Type B-F* 


friable, granular or brittle material. 
The pilot, with its five tapping flutes, 
cuts a machine screw thread as the 
screw is turned in. The Type F is 
ideal for making fastenings to fer- 
rous and non-ferrous castings, bronze 
or brass forgings, heavy gage sheet 
metals, structural steels, plastics and 
resin-impregnated plywood. 


(formerly F-Z) combining the five 
thread-cutting flutes of the Type F 
screw with the coarse-pitch, widely- 
aes threads of the PK Type B. 
The thread-cutting ‘‘Pentap”’ Fone 
B-F distributes cutting pressure 
evenly, lets chips drop to the bottom 
of the hole, and prevents cracking 
of material. It is designed for making 


fastenings to comparatively thin sec- 
tions and bosses in friable and brittle 
plastics. 


The five cutting flutes on the new, improved P-K Type “F" and “BF"’ 
reduce pressure development by 80 percent! The completely formed 
threads on these screws have sharper cutting edges, and 5 deep flutes that 
are of continuous depth. These features make for better clearance of the 
accumulated material and assure minimum stresses in driving, and avoid 
the possibility of stripping or galling. 


FOR SEMS...and Neoprene or Nylon 
washer STAPS® in thread-cutting and 
thread-forming tapping screws, or ma- 
chine screws in any kind of pre- 
PES ule RC ear tel 
eM 11) te ood 


KEEP AMERICAN INDUSTRY AT WORK... BUY P-K.. .MADE IN U.S.A, 


Ba a | ee ee eee | 
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P-K® Type Lt 


. is a completely new and 
improved thread-cutting 
screw developed by Parker-Kalon 
especially for use in Nylon. The Type 
L functions as a combination thread- 
cutting and thread-forming screw in 
that it cuts a small amount of the 
Nylon to allow the full diameter 
threads to form. Type L offers a 
particular advantage in Nylon 
assemblies which must be disassem- 
bled for service, because the P-K 
Type L can be removed and replaced 
without stripping or galling. 


FOR SAMPLES OF P-K THREAD-CUTTING SCREWS AND SEMS, 
CALL YOUR LOCAL P-K “‘BULK-STOCKING’ DISTRIBUTOR 


uta CR 


iETRe ales 


PARKER-KALON DIVISION, General American Transportation 
Corporation, Clifton, New Jersey + Offices and Warehouses in 
Chicago and Los Angeles 
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testing or monitoring... 


YOU CAN 
RECORD 
RESULTS 
f BETTER 
WITH 
BRUSH 


Sl le mee 





DIVISION OF 
37TH AND PERKINS | CLEVITE 


CORPORATION 





CLEVELAND 14, OHIO 


All Brush Recording Systems reflect advanced 
concepts in design that mean exceptional versatility, 
accuracy and reliability in your data 

collecting operations. 

Your most exacting requirements can be met by 

these direct writing systems whether military or 
industrial. They display information instantly — give 
you precise data for quick decisions. You control 

the data you need, exclude the extraneous, and have 
optimum flexibility for future applications not 

yet contemplated. 

Widest choice of equipment in the industry. Ink, 
electric or thermal writing . . . curvilinear or rectilinear 
readout .. . horizontal or vertical presentation 

... chart speeds from 10 inches/day to 4 feet/second .. . 
complete selection of amplifiers . . . rack mounted, 
bench top or portable configurations. 


A pioneer in instrumentation since 1930, Brush has 
always built for ruggedness and precision. __ 
Installations are right. Operating manuals contain 
clearly written instructions. Your personnel are 

trained properly. 

In designing, testing or monitoring you can get 

better results from Brush Ultralinear Recording Systems. 
Let’s talk it over. Set a date. We’ll be there. 


Write for free informative 
booklet, “New Concepts in 
Recording.’Contains helpful 
ideas and suggestions. 





bf ru Ss h I N STRUM E NTS Factory branches, service and warehousing 


at Arlington, Va., Boston, Cleveland, Los 
Angeles, San Francisco and Seattle; engi- 
neering representatives in all key locations. 
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silicone oven door seals ema 


help sell 
more ranges 


ios eceeames idea TOM 


Wi As low as 7c a foot 

@ Withstand oven temperatures to 600° 
@@ Extruded in any color and shape 

i Non-toxic, repels grease and fats 

fj Low compression set 

Wi Good tear resistance 

WH Over 40 dies available 


“Give the lady what she wants” 


Stops unsightly vapor stains 
Reduces surface temperatures 
Keeps moisture inside 

Keeps kitchen cooler 
Minimizes oven door noise 
Gives better cooking results 


For prints of seal designs, 
engineering information and 
prices, write: 


ACADIA S PRODUCTS 


Manufacturers of | Div. of WESTERN FELT WORKS 
SYNTHETIC RUBBER | Dept. E, 4021 W. Ogden Ave., Chicago 23 


------------- Sonerepnasenoowas 


Extrusions, Lathe Cut, Sheets, Roll Goods, Manufacturers and Cutters of Wool Felt 
Molded and Die Cut Parts Branch Offices in Principal Cities 
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TOTAL COVERAGE 

No matter which way the wind biows with 
your blower unit requirements — belt-driven, 
direct drive or radial-axial mixed flow 


Torrington has the solution to your probleme. 


This means complete technical data and 
the proved-out performance rating on three 


lines of basic blower unit designs. 


In addition to the standard direct drive units 
and the already famous VariBasic belt 
driven series, latest and most spectacular 
addition is the exclusive Radiax unit, 
combining the optimum performance 
characteristics of both radial and avial 


flow techniques. 


The result is FULL COVERAGE —the best 
“problem insurance” you could have. 


Talk to Torrington! 


THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT + VAN NUYS. CALIFORNIA + OAKVILLE, ONTARIO 
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ESCO standby power supplies... 


when you can’t take time out for emergencies. 


Aboard the Nautilus, under polar ice or ocean batteries charged from the regular 400-cycle 3-phase 
depths, you can’t take time out while you trouble- supply. But should this falter or fail, the ESCO 
shoot power failures — specially in such a primary unit immediately switches to emergency operation. 
means of navigation as the Sperry Mark 19 Gyro- _—‘ The generator becomes a motor, and the motor a 
Compass sytem. It must keep track of heading and generator, to provide uninterrupted 400-cycle power 
attitude for weeks at a time without interruption, for the Mark 19 from the emergency batteries. 


and that calls for a foolproof standby power source. TI ’ 
ne surest way to meet any exacting motor or 


For this exacting job, Sperry turned to a specially- generator problem is to specify equipment that’s 
designed ESCO motor-generator. Under normal specifically designed for the job — ESCO 
conditions this standby equipment keeps emergency equipment. Write for design brochures today. 


eu feriy (s(epuacry co. Ql) a eciaes 
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ANALAC is a true production-line wire. This film-insulated solderable magnet wire does away 
with pre-stripping before soldering, lends itself to gang soldering, to iron, gun and dip soldering. 


Now, just one step! Analac lets you solder 
without pre-stripping|! 


Anaconda’s Analac* magnet wire saves time and money on the 
production line. This film-insulated, solderable magnet wire can 
be used just as you use Formvar or Plain Enamel—with this plus 
advantage . . . it is solderable without pre-stripping the insulation. 

Analac cuts down labor-time where many solderable connec 
tions are to be made. It’s ideal, too, where removal of the in 
sulation is a hazard to the wire. Soldering Analac by dipping 
iron or gun produces a perfect joint. 

It performs well in high-speed winding! Analac has the ex- 
cellent abrasion-resistance and other mechanical advantages of 
the enamel wire you're now using. 

Distinctive red color simplifies identification . . 


is highly 


ANATHERM 155°C (AIEE Class F PLAIN ENAMEL 105°C (AIFF Class A 


high temperature resistance low. t enameled magnet wire esta 


FORMVAR 


visible, helping operators turn out higher quality work. 

Analac, 105°C (AIEE Class A) wire, is available in sizes from 
15 Awg to 46 Awg. 

The Man from Anaconda will be glad to give you more in- 
formation. See “Anaconda” in your phone book—in most 
principal cities—or write: Anaconda Wire & ( able Company, 
25 Broadway, New York 4, N. Y. the. | 


Pat, of 4362 


SEE THE MAN 
FROM 


FOR READY-TO SOLDER ANALAC MAGNET WIRE 





IMPORTANT FACTS FOR YOUR WORK... 
about Analac 105°C (AIEE Class A) Magnet Wire 


SOLDERABILITY. Anaconda’s Analac can be used to overcome high 
cost of insulation stripping by adapting your present system to 
automatic soldering techniques. Your Anaconda sales representa- 
tive can arrange for cooperation from Anaconda’s Research 
Laboratories to help you take full advantage of Analac’s cost- 
saving possibilities. 

Analac is versatile; lends itself to gang soldering, to iron, gun 
and dip soldering. Anaconda’s Analac Booklet contains full in- 
formation on soldering methods, fluxes, temperature control. 
Use the coupon below for your copy. 

WINDABILITY. Analac is abrasion-resistant . . . has excellent lubricity 
and surface characteristics which make it readily adaptable to 
automatic high-speed winding operations. Can be used on your 
present equipment—no retooling is necessary to adapt solderable 
Analac. 

COMPATIBILITY. Analac is compatible with most insulation varnishes 
presently being used. 


TECHNICAL PROPERTIES 


MECHANICAL PROPERTIE 


Analac has excellent mechanical properties. The film possesses 


superior abrasion-resistance and flexibility under a number of 


varied conditions—such as heat, cold and moisture. The wire 
shows no cracks when elongated rapidly to the breaking point. 
It will also withstand 3 times diameter wrap after 20 percent 
elongation. 


MOISTURE RESISTANCI 

Analac’s moisture-resistance is excellent, particularly in size range 
25 and heavier. It offers moisture-resistance superior to most 
other film-type insulations. 


EM-59 


New Analac Booklet—yours for the asking! 
Latest information... full technical data. 
Mail coupon for your copy. 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 


Please send copy of your Analac Magnet Wire Booklet. | am interested 
in heavy or intermediate size (1S Awg to 30 Awg)—; fine sizes (31 
Awg or finer) 


NAME & TITLE 


COMPANY. 


(TIES 


Analac has superior dielectric strength both in a dry condition 
and after exposure to high humidity. Meets NEMA twist test 
requirements. Analac has unusually low dielectric losses at high 
frequencies, which are only slightly affected by high humidity. 
Thus Analac is particularly suited for electronic uses. 


ELECTRICAL PROPERTIES 








Analac has good resistance to the action of solvents, water, and 
dilute acids and bases. Analac will withstand 24 hours’ immersion 
at room temperature in most varnish solvents including naphtha, 
toluol, xylol, and ethyl alcohol. Shows excellent resistance to 5% 
sulfuric acid and 5% potassium hydroxide. - 


— 


Analac is offered as 105°C (AIEE Class A) magnet wire, although 
its thermal stability shows it is capable of performance at much 
higher temperatures. Analac’s thermoplastic flow cut-through data, 
obtained on basis of MIL-W-583A methods, has been above 200°C. 
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Some Ideas for your file of practical inf 
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L_£_—_.—_..—. — ——- KEUPFEL & ESSER CO.-—————-—.... J 


One of the ways to judge a skilled crafts- 
man is by the tools he uses. They're in- 
variably the best he can find — chosen to 
lighten his work, sharpen his skills. And, 
if the craftsman is a draftsman, they are, 
more often than not, products of K&E. 


It may be that some of these products have 
escaped your attention (after all, we offer 
something over 8000 items). That’s why 
we suggest you pay a visit to your K&E 
dealer whenever you can. It’s a liberal edu- 
cation on what’s new — as well as what’s 
tried and true — in drafting equipment. 


You'll find many products like these which 
can be highly useful in your work... 


K&E ‘‘Quick Set'' Bow Compass 


The most remarkable feature of this com- 
pass is the speed and ease with which you 
can change settings—from diameters of 12 
inches to 1/16 inch. With one hand, you 
can increase or decrease radii instantly and 
exactly. To go from small to larger radius, 
just press a spring release, and the legs will 


expand automatically. Stop approximately 
where you want, and make precise adjust- 
ments with a micrometer screw. To go 
from large to small, simply squeeze the 
legs of the compass together, then adjust 
precisely. 


The K&E Quick Set combines the rigidity 
and precise adjustment of a standard bow 
compass, the simplicity and speed of a 
friction type compass, plus the finger tip 
control of K&E’s unique design. You have 
to try the Quick Set to appreciate it fully. 
Two types are available. The N1071 fixed 
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leg pencil compass, and the N1070 com- 
bination with interchangeable pen and 
pencil inserts. Both come with a box con- 
taining leads and spare needles. And with 
the N1070, a pen handle is provided for 
the pen insert which permits its use as a 
ruling pen. The compass can also be used 
as a divider by substituting one of the 
spare needle points for the lead in the pen 
cil insert. 


Marathon” Ruling Pens 


K&E Marathon Long Line and Wide Line 
Ruling Pens (1092) hold an extra large 


I'd like more information on: 
[] K&E Quick Set Compass 
() Marathon Ruling Pens 


Name & Title 


Company & Address 
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KEUFFEL & ESSER CO., Dept. 


Please send me the name and address of my nearest K&l 


ormation on drafting and reproduction 
from 


ink supply — draw lines up to eight times 
longer than ordinary ruling pens. And 
because they are pre-set, line widths are 
always uniform, easy to match with com- 
plete accuracy. Ink flow is regular and 
even, lines are always sharp and clean 
edged. 


An important feature of K&E Marathon 
Ruling Pens is that they will not leak. They 
can be laid on the work surface without 
risk of ink flowing out. That means you 
can fill several pens of different widths, 
use them as freely as you'd use pencils. 
They’re easy to clean, too 


K&E Marathon Long Line Ruling Pens are 
available individually in line widths of 
.006, .009, .013, .020 inch — or in sets of 
three pens in line widths of .009, .013, .020 
inch in a Leatherite case. Marathon Wide 
Line Ruling Pens come in line widths of 
.030 and .060 inch. 


Leroy” Height and 
Siant Control Scriber 


A versatile new Leroy scriber is now avail- 
able which greatly expands the variety of 
lettering possible from a standard Leroy 
template 


Now, with the new Height and Slant 
Control Scriber (3237-12), you can form 
characters from vertical to slanting at any 
angle up to 45 

forward. You can 

vary height from 

60% to 150% of ' 

the size of letters 

on the template 

used. The width 

of letters remains | 

the same. 


Combinations of height and slant can be 
set quickly and easily. You just loosen the 
knob, move the scriber arm to the desired 
combination of height and slant, and tight- 
en. That’s all there is to it. 


Stop in to see your nearest K&E dealer 
and ask to see these three products—small, 
perhaps, but mighty handy in the drafting 
room. Or drop us a line by mailing the 
coupon below... 


EM-4, Hoboken, N. J. . 


Leroy Height and Slant 
Control Scriber 
Dealer. 





The strong SCOTCH No. 27 Glass Cloth Electrical 


It insures trouble-free operation under 


rugged conditions for a minimum of 20 years. 


Annual insulation cost: 6/106! Se 


Can you afford less than the best? Get 


SCOTCH 


BRAND 


Electrical Tapes 


For complete information on “ScotcH” Branp No. 27 Glass Cloth Electrical 
Tape, write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. BY-49. 


Wiianesora Miiaine ann ]Yfanuractrurinc company NN 
... WHERE RESEARCH IS THE KEY TO TOMORROW p 
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FROM GENERA L ‘INSTRUMENT CORPORATION 


life expectancy 
over 100,000 hours 


3 times normal 


current density 


RADIO RECEPTOR 


Dp eoSs WNP 


SELENIUM RECTIFIERS 


3* AMP/in2 


Conventional selenium rectifiers are obsolete now that 
General Instrument has developed the amazing new Radio 
THE DIFFERENCE AT A GLANCE! Receptor TRI-AMP — a completely new selenium semiconductor 
, operating at triple the current density of standard stacks. 
New Tri-AMP Standard Type : re 
3-phase Bridge 3-phose Bridge Even more important, these stacks give complete reliability 


Dimensions Amp Dimensions Ame over a life span of more than 100,000 hours. 


4” x 4” 54 4” x4" 16.8 


A Fon Cooled TRI-AMP rectifiers have all the advantages of selenium, and 


> > > ive icee > i > 10 io . ~e 
axa” 18 ax an 67 elaborate protective devices required by other semiconductors 
Convection Cooled Convection Cooled for overvoltage and overcurrent aren’t necessary. 


Produced with unique equipment, these RReo. rectifiers are 


available in volume quantities for immediate delivery. For 
full information, write today to Section EM-4. 


RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 
240 Wythe Ave., Brooklyn 11, N. Y., Telephone: Evergreen 8-6000 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, 
AUTOMATIC MANUFACTURING DIVISION, RADIO RECEPTOR COMPANY, INC 
AND MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARIES) 


GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. + Chicago: Merquip Co. + Cleveland: Pioneer Electronic Supply + Harrisburg, Pa 

D & H Distributing Co ¢ Los Angeles: Valley Electronics Supply Co., Burbank «¢ Milwaukee: Radio Parts Co., Inc « Newton, Mass.: Greene-Shaw Inc 

New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co, « Philadelphia: Herbach & Rademan, Inc. + San Diego: Shanks & Wright, Inc 
San Francisco Pacific Wholesale Co « Seattle: Seattle Radio Supply « Tulsa: Oil Capitol Electronics 
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PUSH-to-TEST 
PILOT LIGHT 


e Completely oil-tight, 
even when depressed 

e Pressure connections 

iminate internal wires 

¢ Positive contact “feel” 
in test position 

e No additional panel space 
required 


e Choice of 6 color caps 

e Full range of voltage ratings 

e Mounts interchangeably 
with oil-tight pushbuttons 
and selector switches 


Here’s Why Square D Pushbuttons are preferred 
—by those who build machines—and by those who buy them 


Easy to use « Square D oil-tight pushbutton 
operators require only a single mounting hole. 
Contact block terminals have pressure wire 
connectors for simplified wiring. 

Longer lasting « Operators have all-metal con- 
struction, with anodized aluminum buttons for 
greater mechanical life. Melamine contact 
blocks with double-break silver contacts assure 
longer electrical life. 

Wide flexibility « Any operator can be used 
with any contact block to meet all your re- 
quirements. Pushbuttons, selector switches, and 
pilot lights mount interchangeably. 


Small size « Square D oil-tight pushbuttons re- 
quire only a minimum of panel and back-of- 
panel space—and they can be mounted in any 
position. 

Variety of contacts « Contact block arrange- 
ments include single-pole double-circuit, du- 
plex double-circuit, tandem duplex, three- 
position duplex, and overlapping contacts. 


FOR COMPLETE INFORMATION 
on oil-tight pushbuttons, ask for Bulletin9001-T 
—Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wisconsin 


EC&M weavy inpustey ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE 


Ot ake 
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LATEST ADDITION to SQUARE D 
LINE of Oil-Tight Pushbuttons 


OIL-TIGHT OPERATORS 


& 


Standard Button Coin-Operated 
Selector Switch elector Switc 


’ fh 
Key-Operated Selector — q 
Selector Pushbutton Stop Button ant 
Switch Lockout Maintained 
Start Button Contact 
Lockout Attachment 


. 4-Position 
Joystick 7 
. Operator ” a” 
Selector , — 


Switch and 3 : 
Sushi # a , Wobble Stick Operator 


Lockout Neoprene Cap 


Cast Enclosures Available for 1 to 16 Units 


NEW ve 12 Sheet Steel Enclosures Available for 6 to 25 Units 
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for taking up end-play 


= 


for axial assembly 


axial assembly 


bow 


lock® 
External 
for Shafts 


-110-1.375 
2.4-11.1 2.8-35.0 


self-locking types 


internal for External 


External 
Housing Bores for Shafts housing Bores for Shafts 


250-10.0 125-10.0 .500-4.0 
6.4-253.8 3.2-253.8 19.0-101.5 | 12.7-101.5 


for radial assembly 


lat reinforced 
nomenclature e-ring 


External 
for Shatts 


External 
for Shafts 


External 
for Shafts 


External 
for Shafts 


Internal for 
Housing Bores 


1.0-10.0 
25.4-253.8 


internal for 
Housing Bores 


.250-1.456 
6.4-37.Q 


.188-1.438 
4.8-36.5 


ERO 
E|IO 


circular self-locking 


3 
| th | 
[ase | 
2436 


series no. 


Internal for 
Housing Bores 


External 
for Shafts 


.094-1.0 


External 
for Shafts 


External 
for Shafts 


External 
for Shafts 


External 


application for Shafts 


for Shafts 
.062-.437 


1.55-11.1 





in. | ; 040-1.375 | .094-.438 | .469-3.375 .094-1.0 
mm, 3.2-51.0 1.0-35.0 


11.9-85.7 2.4-25.4 2.4-25.4 


GENERAL DESIGN PRINCIPLE: 
Tapered construction permits rings to 
maintain constant circularity and 
groove pressure 


Series 5000 and 5100: Basic types for 
axial installation. Rings provide opti 
mum groove strength. 

Series 5008 and 5108: Best clear 


ances. Accommodate parts having 
large corner radii or chamfers 


Series 5103: Best clearances. Secure 
against moderate ‘impact, vibration. 


Series 5133: Provides high coupling 
shoulders; accommodates wide groove 
tolerances. Easy servicing. 


Series 5144: Reinforced E-ring. Five 
times more gripping strength, 50% 


Waldes Truarc Retaining Rings 
are modern fasteners that 


higher RPM limits than standard 
E-rings. 

Series 5107: High impact resistance; 
high coupling shoulders. Accommo 
dates extremely high rotation and rela- 
tive parts rotation. 


Series 5001 and 5101: Resilient end- 
play take-up. Accommodate wide toler- 
ances. Recommended for pre-loading 
bearings 

Series 5002 and 5102: Rigidly locked 
end-play take-up. Recommended for 
locking one race of parallel bearing 
assemblies. 

Series 5139: Rigidly locked into posi- 
tion by protruding locking tabs. Pro- 
vides high resilient end-play take-up 
with sliding tabs for uniform flexure. 


Cannot be forced from groove without 
destroying ring. Accommodates rela- 
tive parts rotation. Equally effective 
with round, square, rectangular or hex 
shafts. 

Series 5131: Provides high take-up 
Recommended where clearances are a 
major problem. 


Series 5005, 5115, 5105 and 5305: 
Prongs dig into shaft, locking rings 
against movement in one direction. 


Series 5300: Spring tension locks parts 
assembled with threaded screws. 


Series 5555: Self-locking against move- 
ment in either direction by spring ten- 
sion. Since no groove is required, ring 
is adjustable to any position on: shaft. 


©1958 Waldes Kohinoor, Inc. 


WALDES 


solve a wide variety of design 


and production problems. 


Send for your new 24-page 


Catalog RR 10-58. 


9.4 
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TRUARC 


Walides Kohinoor iInc., Long Isiand City 1, N. Y. 





OS EUS O56 6 


~ USC BRUSHES contribute ~.. 


to the reliability of ; 
heavy duty industrial tools : 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro- graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained Section enanih daaiaiiaties ie eaten 

staff of engineers is available to assist you in canal in Catalog B-56 and the 

the selection of the grade and type of USG _s@ grade list. Write for these 

brush best suited to your application. two catalogs today. 


Necessary information on USG 


8-267-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® carpon-crapnite © GRAMIX” powoeReo METAL PARTS © MEXICAN” crapnite prooucts * USG” BRusnes 
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Why the new interest in 


flame retardance of plastic laminates? 


While it is unlikely you will ever take 
up your blowtorch to sample the flame 
resistance of laminated plastics, this 
property emerges as a lively topic for 
discussion among engineers. 

Admittedly its import is for the 
councils of those whose equipment is 
flame-exposed or is powered, amplified 
or controlled by vacuum tubes and 
upon which, clustered or confined, you 
could properly fry an egg. 

Sader the circumstances, it is appro- 
priate to ask what laminated plastics 
(or Synthane, to name our choice) have 
to offer in the way of flame retardance, 
and how this property relates to the 
other, and more widely used, advan- 
tages of laminates. 


Two Specific Flame Retardant Laminates 


There are two grades of Synthane lami- 
nates specifically earmarked for flame 
retardance—Grades FR-1 and FR-2. 
Except for its flame retardance, Grade 
FR-1 closely resembles standard paper 
base phenolic Grade XX adisane. 
Grade FR-2 is similar to Grade FR-1, 
but may be readily hot punched and 
would be used where flame retardance 
with emphasis on punchability was 
desired. 


Many Grades of Synthane 
Self Extinguishing 


Many standard grades of laminates 
though they contain no flame retardant 
additives—are self extinguishing. That 
is, they do not support combustion 
when the flame is removed. 

For example, the fabric and glass 
melamine grades are excellent for their 
self-extinguishing characteristics. The 
same is true of the asbestos grades. 
Why, then, special flame retarding 
grades? The answer is partly financial. 
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Sheet of Synthane to which blowtorch is being applied 


The flame retardant grades FR-1 
and FR-2 offer good electrical and me- 
chanical properties (similar to Grade 
XX) plus excellent flame retardance 
and at a moderate cost. When the elec- 
trical or mechanical requirements are 
severe it is they that may control the 
choice of laminate even though flame 
retardance is still necessary. And it just 
so happens that the cost of producing 
grades with superior electrical and me- 
chanical properties tops the cost of pro- 
ducing flame-retardant Grades FR-1 
and FR-2. 


Comparison of Properties of Synthane 
Laminates with Relation to Flame 
Retardance 


GRADES 


Property FR-1 FR-2 XX C Lt C-ML-M G-5 G-8 A-M AA-M 
Flame 
Retardance 
Heat 
Resistance 
ARC 
Resistance 
Mechan: 
ical 
Strength 
Dimen 
sional 
Stability 
Moisture 
Resistance 
Dielectric 
Strength 
Machina 
bility 


E P P P E E E E 
f P Pp G G E E 


E E 


G 
E G f E E F 


E E E E F F F F 


Low- Low Low- Low Mod Mod High- High- Mod Low- High 
est est er ef est er 


E=Excellent, G=Good, F=Fair, P=Poor 


Cost 


Obviously there is more to this business 
of selecting an electrical insulation than 
flame retardance. In any spot where 
flame retardance is a factor it is pru- 
dent to counsel with us, directly or 
through our representatives, to secure 
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for yourself the Synthane Grade which 
supplies all of the properties you need 
in combination and at a reasonable cost. 
Our aim is to help you obtain the most 
for your money so that you may find 
coming to us a profitable habit. 

For further information about 
Synthane standard or flame retardant 
grades write Synthane Corporation, 
17 River Road, Oaks, 


Flame retardant test on Synthane for switch- 
gear application. Heat is supplied by coil en- 
circling the sample. Temperatures up to 1600°- 
1800°F are measured with optical pyrometer. 


YNTHANE 


CORPORATION, Ss OAKS, PENNA. 
Laminated Plastics for Industry 


Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-macerated 
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fasteners 


. a Shakeproof NIBSCREW® should be used 
me C } ; “Nibs" under the head take up excessive 
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A TYPICAL EXAMPLE: 
How to Avoid Stripping— 


When high stripping torques are required, a 


driver torques and eliminate loose screws, 


re-work and repair 


You can realize important savings on your assembly line 
by specifying fasteners that eliminate operations, speed up 
production and assure highest quality. Engineered Fas- 
teners by Shakeproof now overcome stripping, provide 
sealing, assure maximum locking and solve countless 
production problems encountered in mass assembly of 
products using sheet metal. 


SEND FOR NEW SHAKEPROOF BULLETIN NO. 100! 
Illustrates twelve typical examples of cost saving fasteners 
for sheet metal applications. Describes important ‘‘check 
points” for fastener selection. Offers testing samples. 
Write for your copy today! 


SHAKEPROOF 


“FASTENING HEADQUARTERS’”® 


DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Road, Elgin, Illinois 
In Canada: SHAKEPROOF /FASTEX 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
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RIGHT-ANGLE, WORM 


LET REULAND TAILOR A MOTOREDUCER 6 
PACKAGE TO YOUR EXACT NEEDS... *k ADD ANY ONE OF THESE 6 DRIVE MOTORS 
ae TO ANY OF THE 3 GEAR REDUCTION 


. UNITS SHOWN ABOVE... 
No longer must you “make something do”... no longer 
must you modify your machine to fit the drive! Hundreds of 
different speed and power variations can be developed from wee 


the three basic Reuland gear reduction units shown above. Helical y \. Fluid-Shaft 


a ‘ . dard Squirrel C 
This is made possible through the use of Reuland’s famous Pe Se ee 


“Xpandable-Design” idea. o. nfZ7 3. Multi-Speed 


' Wound Rotor 
Whether you need a simple motor-and-reducer — or an 


amazing, automatic combination with a special motor, gear 
reducer, magnetic brake and fluid coupling — Reuland engi- Right-Angle 
neers can quickly solve your drive problem. _— 


Crane — Hoist duty motors 


—=— 6. Torque motors 


Our new brochure “Modern 
Costs are lowered. Development time is saved. Your drive Single Power for Modern-Day Products” 


j i teduction os ° é 
is right. Why not see first-hand what a Reuland Motoreducer eee will be ‘Soe py 
can do for you. a 7 


MODERN POWER FOR MODERN-DAY PRODUCTS A DEMONSTRATION UNIT 
ALL IN LIGHTWEIGHT ALUMINUM FRAMES! FOR YOUR EQUIPMENT? 


So sure are we you'll like 
wy what you see, we're offering 
to engineer a demonstration 
unit for your equipment with- 


out the slightest obligation. 
Reuland Electric Company — Distributors in all principal cities Just write us. 
Western Division: Alhambra, California * Eastern Division: Howell, Michigan 
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Mock-up of CLARE Type F 
Relay enlarged to show 
operating mechanism. Note 
bifurcated contacts which 
enable this relay to handle 
a wide variety of 


With this ONE 


contact loads. 


* 


y ] 1 


RELAY > 


You can handle contact loads from 3 amperes down to 1 microampere, 1 millivolt 


SPECIFICATIONS 


Ambient Temperature 
Shock 
Vibration. . 


Dielectric Strength. ... 


Nominal Operating Power. 
PUORUD THINGS occ cccvcases 


Dropout Time 
Contact Arrangement 
Contact Rating 


Contact Resistance 
Contact Life 
Enclosure 
Mounting 


Terminals 


Weight. ... ; 
Military Specifications 


. .—65° C to +125° C. 


65 Gs for 11 milliseconds. 


..5-75 cps at maximum excursion of 4% 


inch, 75-2000 cps at 20 Gs acceleration. 
Sea level—1000 volts rms between ter- 
minals and frame, and between adjacent 
circuits; 750 volts rms between con- 
tacts of aset. At80,000ft., 350 volts rms. 
1000 megohms minimum at 125° C. 
Coils up to 10,000 ohms available for a 
wide range of voltage or current oper- 
ation. 


.250 milliwatts. 


3.5 milliseconds nominal. 

1.5 milliseconds nominal. 

2 pdt (2 form C). 

3 amps resistive at 28 volts d-c or 115 
volts a-c; also will handle loads of 1 
microampere @ 1 millivolt reliably. 
0.03 ohm maximum. 

500,000 operations minimum at 2 amps; 
100,000 operations minimum at 3 amps; 
1,000,000 operations minimum at1 amp. 
Hermetically sealed, filled with dry nitro- 
gen at 1 atmosphere pressure. 

All popular mounting arrangements 
available. 

Printed circuit; solder; plug-in (match- 
ing socket available). Variations of 
printed-circuit terminal length on 1/10- 
inch grid spacing available. 


.17 grams. 
.MIL-R-25018, except as to contact 


bounce. 


All popular mounting 
arrangements are 


arrangements nicely 


sulted to 1/10 inch 
grid spacing. 


@ In one relay—the Type F—cLARE 
provides a precise component of unusual 
flexibility for long life operation under a 
wide variety of contact loads. 

Tests have shown a performance of over 
22,500,000 operations at 0.1 ampere, 115 volts 
a-c. Minimum contact life at 3 amperes is 
100,000 operations. Contacts have carried 
1 microampere, 1 millivolt for 700,000 oper- 
ations with a failure resistance of 500 ohms, 
with no misses recorded. 

This amazing low-level life is primarily a 
result of the use of gold plated contacts. 
These same contacts, however, will carry 
up to 3 amperes. 

A special plug-in mounting arrangement 
that will stand extreme shock and vibration 
is now available. 

The CLARE Type F Relay is hermetically 
sealed, operates perfectly in a wide range of 
temperatures, withstands heavy shock and 
vibration —is fast and more than moderately 
sensitive. 


Send for Engineering Bulletin No. 124 
Write or call C. P. Clare & Co., 3101 Pratt Blvud., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. Cable 
Address: CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 
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DISTRIBUTORS 


Ear! B. Beach Co., Pittsburgh, Pa 
Phila. (Clifton Heights) Pa 
Brooks Electrical Supply Co., Inc., Baltimore, Md 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J., 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Electric Motor Supply Company, Denver, Colo. 
Hanna & Ferguson, Rochester, N. Y 
Hippler Sales Company, Webster Groves, Mo 
Insulation Manufacturers Corp. 
Chicago, III Cleveland, O 
Dayton, O Milwaukee, Wis. 
Detroit, Mich Pittsburgh, Pa. 
J. F. Kerrigan & Co., Hamden, Conn 
C. D. LaMoree, Los Angeles & Berkeley, Calif 
Punt, inc., Floral Park, N. Y 
C. E. Riggs, Inc., Portland, Ore., Seattle, Wash. 
J. P. Scanion, Rochester, N. Y 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texas 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N. Y 
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the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400°F. 


Complete test data available on request 
Agents in all principal cities 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished ‘‘Fiberglas"’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas"’* 
Cloth and Tapes 


“VARSLOT" Combination Slot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and ‘‘Mylar’’* Polyester Film 
Asbestos Paper and ‘‘Mylar'’* Polyester Film 
Kraft Paper and “Mylar’’* Polyester Film 
Vartex Varnished “Fiberglas"? and 
“Mylar’’* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont's registered trademark tFibergias, Owens-Corning Fiberglas registered trademerk 
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How to 


: help your customers 


Do your customers complain of 
spotty production . . . short-runs, 
over-runs, uncertain quality control, 
uneven performance from your 

achine or product? If so, there’s 
one thing you can do about it .. . 
build a Veeder-Root Counter into 

a ee : your product as a standard integral 
eo N part. Then you can offer your 
1 iS ih customers constant visual Countrol 
SS of your product’s performance . . . 
which amounts to recorded proof 
of your product’s guarantee. 

You’ll find, too, that built-in 
counters build up sales. And you can 
count on us to “teach your product 
to count”. Write. 


You always “Know the score” when you count on Veeder-Root! 


rE NEW 
“VISICOUNTER” 


Gives greater figure-visibility with dome-shaped 
window. Better suited for panel mounting. 
This rugged, heavy duty counter comes in both 
ratchet and geared types. 6 non-overthrow 
wheels. 1-piece case. 


Veeder-Root .... 


Everyone can Count on HARTFORD 2, CONNECTICUT 


Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York « Los Angeles * San Francisco * Montreal 
® Offices and Agents in Principal Cities 
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Fractional Hp problem 
solved by “National”. 


80% longer brush life in this firm’s power tools... 


THANKS TO ATIONAL 


This major power tool manufac- 
turer was troubled by short brush 
life in one of his hand saw models, 
says ‘‘National’’ Carbon Brush 
Man Louis J. Esposito. 

LOUIS J. ESPOSITO Performance tests showed exces- 
sive sparking, bar burning and uneven brush wear. Lou 
brought the problem to NATIONAL CARBON’s technical 
service department. Suggested remedy: arevised spring 


TRADE MARK 


design and changeover to“‘National’”’ Brushes Grade F-38. 

Result: even brush wear, no further sparking, up to 
80% longer brush life—product quality increased, ser- 
vice problems cut down —all with no extra manufactur- 
ing costs. 

For details on how you can have brush tests con- 
ducted on small motors, call your “National” Carbon 
Brush Man. Or, write: National Carbon Company, 
30 East 42nd Street, New York 17, N. Y. 


“National”, ‘'N’’ and Shield Device, and ‘‘Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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FIELD-PROVED HONEYWELL COMPONENTS 


for measuring, balancing and positioning applications 
co he Vv E RT E fe s ELECTRICAL CHARACTERISTICS 


354210-2 354210-3 354210-1 354210-4 


Modulation Frequency 20-30 cycles | 40-45 cycles -65 cycles | 50-65 cycles | 360-440 cycles 
Switching Action (SPDT) (Make-before-break) (Break-before- Each contact 
Each contact closed 55% of each cycle make). Each closed 57% of 
(+ 2%) Other actions, as specified contact closed each cycle 
47% of each (+7%) 
cycle 
Driving Coil Requirements 6.3 v, 60 ma at rated frequency 18 v, 94 ma 
at rated 
,anstaieteaeeeeerenatetienmnenneds frequenc 
Contact Rating 100 microwatts at 6 v max.; 1.0 ma max 
Electrostatic Stray Pickup 2 x 10° volts per ohm of input circuit imp 2x10 
Electromagnetic Stray Less than 2 x 10° volts, constant to within 2 x 10°7 2 x 10° volts 
Pickup constant to 
These synchronously driven choppers 
handle d-c signals as small as 10-8 volt. 


Sensitive, stable performance. Avail- 


Phase Shift Output voltage lags driving phase by 17° +5° Lags driving 
phase a 45° 
to 50° 


a B Symmetry Within 2% Within 7% 
able with special features such as Shielding Frame and coil shield, grounded through pin No. 2 Shell and coil 


fungus proofing, grounded housing, oo 
mica-filled base, various contact per- No. 2 


centages. Weight: 10 oz. Prices from $39. Load Characteristics Resistive or Inductive 
Vibration Resistance Output voltage varies less than 2% with rates of vibration from 0 to 10g 


a OS TO ee 4 Continucus | Power Current 


T Watts 4 
carsiny | Loated | {tated 


Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing; self-lubricated, oil-sealed type; 


. “1. * 
and fungus-proofed, oil-sealed military a ne cael aoe 0 watts, balance in amplifier winding 


motors. Prices from $40. All motors are available in two phase and synchronous models 


A ae & Li ¥ 4 ge R § ee, Nominal ee 
és ‘ 4.0 400, 2,200, 50,000 
1.0 400, 7,000, 50,000 
0.4 400, 2,200, 7,000 
0.1 2,200 


POWER SUPPLY—115 v., 60 cycles (fused power line) 

OUTPUT—2 to 18 ma. into 12,000 ohm load 

SENSITIVITY —Continuously variable screwdriver adjustment. Recessed slot protects 

setting 

MOUNTING—Operation unaffected by mounting position 

OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de- 
They amplify a d-c or a-c microvolt sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
input signal sufficiently to drive one connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles. 
field of a two-phase balancing motor. MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup- oneywe 
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi- 


tivity . . . fast response. Priced from r ‘ 
$110 to $250. Fit WY 
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Armold Pulse Transformer 


Cores are individually tested | 


al 


wesw 7372 A 


under actual pulse conditions 


Here’s 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

. this newly- 
reprinted 52-page 
bulletin contains 
design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 


Cores are listed in the order of their power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included, A valuable addition to your engineering 
files—write for your copy today. 


ADDRESS DEPT. gy 94 


The inset photograph above illus- 
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C” cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 


density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans- 
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold's 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Ill. 


# ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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how many Resistors 


have you soldered recently ? 


It’s no trick today to obtain resistors that give everything you need in the 
way of conventional characteristics such as load life, resistance-temperature, 
temperature cycling, and so on. 


But what a whale of a difference when it comes to “solderability”! Try the 
different makes for yourself and see. Whether you solder by hand or by auto- 
matic dipping, you’ll find that Stackpole Coldite 70+ resistors solder lots 
better, lots faster and lots more surely. 


Just hit ’em with solder and they stay soldered—because they’re the only 
resistors whose leads get an extra final solder dip in addition to the usual tin- 
lead coating. You get faster production, fewer rejected assemblies. And there’s 
less chance of trouble developing after your products reach the field. 


COMPARE THESE “SPECS”! — Write for Stackpole Resistor Bulletin 
giving complete scorecard for Coldite 70+ (cold-molded) resistors in relation 
to MIL as well as commercial specifications. And remember that they give you 
unmatched solderability in the bargain—at no extra cos.' 


Electronic Components Division STACKPOLE CARBON CO., St. Marys, Pa. 


Ceramag® ferromagnetic cores « Slide and 
Snap switches * Variable composition resistors 


Ceramagnet® ceramic magnets « Fixed com- 


position capacitors « Electrical contacts Me fo K ® 
Brushes for all rotating electrical equipment £ 
Hundred of related carbon, graphite, and metal 0 MI, @ O 
powder products, fixed composition resistors 
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SERVO MOTOR TACH GENERATORS 


to your precise specification 


Both Damping and Integrating types available with parameters to your requirement 


) meme O11) 1 TPA LT 10, 11, 15, 18. Can be designed with gear train 


> - 54°C to ,.125 C ambient temperature range 


Lau Designed to MIL-E-5272 


Assembled under closely controlled environmental conditions 


400 CPS SERVO MOTOR — TACHOMETER GENERATORS 


Rated Voltage No load 
:|s = ee oT o_| | ea | © 


8MTG-6201-01 é 40/20 
*10MTG-6228-02 , . : 115 115/57.5 
1OMTG-6229-12 : ; . 33/16.5 52/26 

*10MTG-6229-03 , j J 26 26 
10MTG-6229-15 , A é 26 26 

*10MTG-6232-05 . , . 115 36/18 
LIMTG-6251-13 4 . ‘ 115 115/57.5 
11MTG-6251-00 : ; ; 115 40/20 
1IMTG-6254-01 ; . : 115 115/57.5 
15MTG-6280-01 , . . 115 115/57.5 

t*15MTG-6276-03 . . ’ 115 57.5 
18MTG-6302-02 . . . 115 115/57.5 
18MTG-6302-04 . . . 115 115/57.5 


*These units designed for 85°C ambient but same characteristics can be designed for 125°C. Additional 21.4 watts for heater, the values given are independent of ambient temperature. 


Oleilel me alana lita nantier r o ynchro 
<sicasi , sin MANUFACTURING CO. 
resol motor-gear-train AC drive 


motors, DC motor AGO OG ir tite iie me Your Rotating Equipment Speci 
embtli relerence and tachometer genet! Rene 
Avionic Division 


UL amee en een TORU re Reedy anata! 


mobic Racine, Wisconsin 


snails varied work on designing transistor circuits and 
servo mechanisms. Contact Mr. Robert Burns, Personnel 
Manager, in confidence. 
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Canadian General Electric Co., Ltd. 


New streamlined transformers, molded in 
Epon resins, have superior insulation 
and dielectric strength. Accuracy and 


over-all performance are greatly improved. 


Good-All Electric Manufacturing Co. 


New Epon resin-molded 600 UE capacitors 
have superior moisture resistance. Offer 
rugged, trouble-free performance because 
Epon resin assures high dielectric strength, 
low leakage. 


for potting, molding, sealing, 


encapsulating 


Switcu TO EPON resin-based com- 
pounds for potting, molding, sealing, 
and encapsulating to upgrade the per- 
formance of your electrical or elec- 
tronic units . cut costs through 
design simplification. 

Why? Because the excellent physi- 
cal properties of Epon resins eliminate 
the need for conventional containers 
and housings. Size, weight, and com- 


plexity of components are reduced. 

To lower costs and speed up pro- 
duction, manufacturers have moved 
in the direction of automation. In the 
new mixing, metering and dispensing 
equipment, even the most heavily 
filled Epon resin formulations can be 
used for high-volume, rapid-curing 
potting, encapsulating, and sealing 
operations, 


Epon resins can be adapted to a 
wide variety of formulations designed 
to meet your specific needs. Write now 
for full information including a list of 
suppliers of Epon resin-based formu- 
Jations and manufacturers of auto- 
matic mixing, metering, and dispens- 
ing equipment. 


SHELL CHEMICAL CORPORATION 
50 West 50th St., New York 20, N.Y. 


SHELL CHEMICAL CORPORATION 


PLASTICS AND RESINS DIVISION 


CHICAGO 


APRIL 1959 


* CLEVELAND « 
IN CANADA Chemical Division, Shell Oil Compony of Canada, Limited, Montreal» Toronto * Vancouver 


LOS ANGELES * NEW YORK 
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New silicone-treated insulations 


break the cost barrier 


New Type 31 and Type 32 Quinterra sheet insulations offer 
unusually good electrical properties at reduced costs. 


Johns-Manville introduces... 


Type 31 and Type 32 Quinterra—100% purified 
asbestos with high silicone resin content 


A combination of 100°, purified asbestos 
sheet and high silicone resin content gives 
these new lower-cost electrical insulations 
unusually high performance character- 
istics for Class.H equipment. 


Quinterra, the basic material, is in itself 


a “lasting” dielectric sheet of highly puri- 
fied asbestos, with fibers tightly and uni- 
formly matted. New silicone treatment 
achieves an unusually high dielectric 
strength of 600 Volts/Mil for the first 
time in lighter calipers . . . with high 
retention of this dielectric strength after 
prolonged temperature exposure. 


Both types feature high tensile strength 


and low moisture absorption factor of 


about 2% after 24-hour immersion. 
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1. 
2. 


Type 31 Quinterra offers 
these additional advantages: 


Two light calipers—3.5 and 4.5 Mils. 
Extremely high 45-50°, resin content in 
both calipers. 


3. High (600 Volts/Mil) dielectric strength 


in both calipers. 


. High retention of dielectric strength after 


temperature exposure. 


Type 32 Quinterra offers 
these additional advantages: 


. New silicone resin for a combination of 


good electrical properties and superior 
saturating characteristics. 


JOHNS-MANVILLE ay 
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2. 
3. 


6.5, 9.5 and 15.0 Mils. 


Range of dielectric strengths from 600 
Volts/Mil in 6.5 Mil caliper; good dielec- 
tric in 15 Mil. 


Three calipers 


- Range of resin contents running from 


45-50°, in lighter caliper to 30% in 
the heavier 15-Mil sheet. 


For complete specification sheets, and 
samples of both these new low-cost 
Class H insulation materials, write 
Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ont. 


D Ts 
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MINIMUM 0O.D.! 


se. aed 


NARROW WIDTH! 


MAXIMUM BORE SIZE! 


Hoover announces 3L00 extra light bearings 


Now, America’s quality bearings come in com- 
pact proportions designed to save space! Hoover’s 
new 3L00 series extra light ball bearings provide 
the solution to bearing problems calling for maxi- 
mum bore size and minimum housing area. They 
have outer diameter and width dimensions that 
are substantially smaller than those of standard 
light, medium or heavy series bearings of equal 
bore size. 

Hoover 3L00 extra light ball bearings are 
available in a wide range of popular sizes in open, 
shielded and sealed types, including lubricated- 
for-life bearings with Hoover-developed contact 
seals of TEFLON. For complete information, return 
the coupon below. 


[POOwe4r? 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 


Soles Offices and 2020 South Figueroa, Los Angeles 7, California 
Warehouses 290 Lodi Street, Hackensack, New Jersey 


Circle 160 on page 17 


Hoover quality is outstanding! 

Micro-Velvet balls are made of 
selected high-carbon chrome alloy steel, 
uniformly hardened, and finished so 
perfectly that roundness and diameter 
are accurate within millionths of aninch. 

Hoover Honed raceways, on both 
inner and outer rings, are super-smooth, 
superbly finished. Precision matching 
of ball complements and raceways 
assures hushed quietness, long life, 
superior Hoover performance. 
Micro-Velvet and Hoover Honed are Hoover trademarks, 
TEFLON isa DuPont trademark for its fluorocarbon resins. 
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TRY AFRES 


APPROACH 


Don’t just take your metals for granted—specify the 


properties you need. The Man from Anaconda may 


come up with some very interesting answers. 


Up where TV broadcast antennas stand, 
normal wind causes flexing of metals. So 
jumpers between coaxial cables and ra- 
diators must be resilient — beside being 
conductors, giving some structural sup- 
port. Ordinary phosphor bronze seemed 
adequate, but there were fatigue failures. 


RCA listed desirable properties of phos- 
phor bronze — added extra-high endur- 
ance, extra-long fatigue life. American 
Brass suggested Duraflex®™, Anaconda 
superfine-grain phosphor bronze. RCA 
tried it, found it the answer—at no extra 
cost—spec ified Duraflex to the manufac- 
turer, Dielectric Products Engineering 
Co., Inc., Raymond, Maine. 


oe with 93 standard alloys, T 
K 


To stimulate sales of its top-quality fold- 
ing rule, and to meet Navy specifications, 
Eagle Rule Mfg. Corporation sought a 
metal for rule joints that would resist 
wear and corrosion, and provide the 
proper spring tension. Phosphor bronze, 
which had these qualities in excess of 
needs, cost too much. 


Technical Oil Tool Corp. asked Anacon- 
da to help select the metal for a new 
magazine-type clip used to close surgical 
incisions. The metal had to provide the 
right tension to hold edges together, yet 
open easily—form readily, hold mee 
die-cut edges, be proved in surgical use 


» American Brass Com- 


pany can make minor variations in composition, fabrication, 


American Brass suggested three alloys. 
Eagle Rule chose Ambronze-420 (88 
Cu, 11 Zn, 1 Sn) because rule joints of 
this alloy met all requirements, with- 
stood 400,000 cycles in wear test (Navy 
required 7000). It cost only pennies per 
pound more than yellow brass, much 
less than phosphor bronze. 


American Brass technical specialists sug- 
gested Nickel Silver, 18%-719 as best 
suited to meet all requirements. Auto- 
clip, shown in use above, is the result. 
Incisions are held together with least 
damage to tissues. Surgeons can work 
faster in applying and removing clips. 


: R 
and annealing to provide an almost unlimited number of combina- A Ni ; am 4 2 | yA 


tions of useful properties. When new or unusual »roblems arise, ask 
for the help of the Technical Dept. in selecting the right metal. For 
such help or a copy of Publication B-32, “Anaconda Copper & 
eee r Alloys,” write: The American Brass C yompany, Waterbury 
20. Conn. In Canada: Anaconda American Brass Ltd., New To- 
ronto, Ontario, Canada. oBs0 


COPPER ¢ BRASS ¢ BRONZE ¢ NICKEL SILVER 
MILL PRODUCTS 
Made by The American Brass Company 
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“sheen: 1003" Viprarion: 30: to 2000 ops 


*NO CONTACT OPENING 


New P&B crystal-case size relays, 
the SC and the SL (magnetic latch- 
ing), show amazing shock and vibra- 
tion capabilities. They absorb shocks 
of 100g and vibrations 30g to 2000 
cps. without contact openings! 

A highly efficient magnetic struc- 
ture utilizing a permanent magnet 
makes possible at least twice the con- 
tact pressure found in DPDT relays 
of comparable size. One watt of power 
for three milliseconds operates either 
relay. Transfer time is unusually fast 
—0.5 milliseconds maximum. 

For more information, contact your 
P&B sales engineer, or write Potter 
& Brumfield, Princeton, Indiana. 


Sh se aro scl, 190 war = 


SL—dual coil latching relay. Operates on a | 
watt, 3 ms. pulse at nominal voltage. Permanent 
magnet latch locks the armature in either position 
$C —non-latching relay with series-connected 
dual coils. Operates on approximately | watt ot 
nominal voltage. Coils must remain energized to 
hold the armature in the operate position. 


SC and SL Series Engineering Data 
GENERAL: 

Insulation Resistance: 10,000 megohms, min 
Breakdown Voltage: |,000 V. RMS 

Shock: 100g. 


Vibration: 30g 55 to 2000 cps.; 0.195” max. 
excursions from 10-55 cps. 

Temperature Range: —65° C. to + 125° C. 

Weight: 15 grams without mounting bracket. 

Operate Time: 3 MS. max. with 550 ohm coil 
@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC) 

Transfer Time: 0.5 MS max. 

Terminals: (1) Plug-in for microminiature 
receptacle of printed circuit board 
(2) Hook end solder for 2 #24 AWG wires. 
(3) 3” flexible leads. 

Enclosure: Hermetically sealed. 

CONTACTS: 

Arrangement: 2 Form C 

Material: Optional 

Load: 2 amps. (a 28 V. DC, resistive; 1 amp 
(2 115 V. 60 cycles AC, resistive 

Pressure: SC—16 grams min.; SL— 20 grams min 

col: 

Power: Approx. 1.0 watt at Nominal Voltage 

Resistance: SL—40 to 10,000 ohms; SC — 35 
to 20,000 ohms 

Duty: Continuous 

MOUNTINGS: 
Bracket, stud and plug-in 


PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD INC. 


PRINCETON, INDIANA * SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
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recorders make YOUR work 
easier with up-front control of all operations 


Work-saving “recti/riter” recorders place all 
routine adjustments and controls at your fingertips 
for maximum operator convenience. 


With the greatest ease and speed, you can... 


Raise the transparent, dust-proof door .. . 
Make notes on “writing desk” area... . 
Remove, tear off, or change chart paper... 
Flip the power switch. . . 

Adjust zero position of writing pens... 
Make connections to front terminals . . . 
Select any of 10 chart speeds... 

Advance chart paper as desired manually .. . 
Check visible ink supply level or refill. 


And, of course, removal of the dust cover makes 


TEXAS INSTRUMENTS 


INCORPORATED 


INDUSTRIAL INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY « HOUSTON 6, TEXAS « CABLE: HOULAB 


every working part completely accessible — and 
removable — without further disassembly. 

Add to these convenient features true rectilinear- 
ity, side-by-side time-correlated traces readable at a 
glance, fast rise time, galvanometer dependability 
and +1% full-scale accuracy. Yes, and remember 
—only “recti/riter” systems (recorders and match- 
ing accessories) provide these wide ranges for 
recording electrical parameters: 


10 millivolts to 1000 volts 
500 microamperes to 1000 amperes 
Monitor standard frequencies — 40, 60, 400 cps 


Just a word from you will bring complete 
information on the “recti/riter” line. Inquire today! 


OTHER TI/IID PRODUCTS 


* Complete Geophysical Instrumentation 


Coes 


* DATA-GAGE Measurement and 
Control Systems 


~ 


ur 


* Automatic Test Equipment 
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Aluminum Clad Copper-407 


Combines the surface, temperature 
and weight advantages of aluminum 
with the superior conductivity of 
pure copper 


A new high-conductivity, alumi- 


num clad copper wire designed for 
the production of high-temperature 
magnet wire and for high-tempera- 
ture applications in aircraft, missiles 
and high-speed industrial equipment 
has been developed by Sylvania. It 


can withstand operating tempera- 
tures up to 700°F. 

The new wire has a conductivity at 
room temperature approximately 
75% of pure copper and consider- 
ably higher than pure aluminum. 
The aluminum cladding measures 
approximately 40% of the cross- 
sectional area of the wire. 


In addition to its surface, temper- 
ature and conductivity advantages, 


¥ SYLVANIA 
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the new aluminum clad copper wire 
is ready for anodizing to provide a 
self-insulating surface. Space, weight 
and cost savings should be of interest 
to all producers and users of mag- 
net wire. 

For further information on new 
aluminum clad copper, contact your 
Sylvania Parts Division representa- 
tive or write to: 


SyYLVANIA ELEctTRIC Propucts INC. 
Parts Division, Warren, Pa. 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Assemblies 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 
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«LA PLATED-THRU HOLES 
NOW MAKE POSSIBLE THE 


Ist MAJOR CHANGE IN MOTOR DESIGN IN 50 YEARS 


Revolutionary new motors using a thin inexpensive printed circuit as the 
rotating electrical element are now available. Heavy iron armatures, and 
cumbersome windings are eliminated; insulation breakdown is no longer 
a problem, insuring reliability in product design. 
More exciting features... 

low armature inertia — mechanical time constants of a few milliseconds 

negligible armature reactance — no iron in armature 

low impedance — suited for operation with power transistors 

smooth torque — no cogging, direct drive in servos 

internal damping — motors can be furnished with a damping torque 

proportional to speed 

high temperature operation — conductors are uninsulated 

wide horsepower range — fractional to several horsepower 
Why delay, contact Photocircuits, exclusive manufacturer of printed motor 
components for Printed Motors, Inc. (holder of North American patent 
rights for the printed motor technique) . 


@  Phorocircuits 


eCgr, @ 67 16 @ 


StLen COVE, NEW YORK 


PHONES | CABLE 
ORIOLE 6-8000 FLUSHING 7-8100 PHOCIRCO 
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CLARE Lowers Prices 


on all 
Mercury-wetted 
contact relays 





Reductions range from 


W'% to 10% 


When prices for just about everything are 
continuing to rise, and all thinking men are 
concerned over the danger of inflation, it is 
important news when a manufacturer makes 
a significant price reduction. 


Increased production resulting from the 
wide acceptance of Clare Mercury-Wetted 
Contact Relays, together with improvements 
in skill and in manufacturing equipment and 
methods, make it possible for Clare to reduce 
prices for these superior relays in spite of 
rising labor and material costs. 


A price reduction ranging from 74% to 10% 
will be applied to all orders placed after 
March 31, 1959, for Clare Mercury-Wetted 
Contact Relays—Types HG, HGP and HGS. 
The reduction will also affect multi-element 
relays such as HG2, HG3, HG4, etc. 


These lower prices for relays whose life is 
measured in billions of maintenance-free opera- 
tions will be exciting news to all designers of 
continuous-duty, high-speed switching 
devices and systems. 


Write or Wire: C. P. Clare & Co., 3101 Pratt Blud., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. Cable 
Address: CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 


Type HG4 
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Another NEW product from Louis Allis 


Just = of many See 
that can be made from 
standard "ALLISPEDE Rive. 


The ALLISPEDE* DRIVE gives you 
complete design versatility! 


“Bullding-block” principle, using one basic unit, permits 
this drive to fit into any design requirement regardiess 
of space or shape limitations! 


The all-new ALLISPEDE DRIVE is a simple answer to the problem of 


pick — locating feet, end 
beackets, control hand wheel, conduit box, and output shaft to suit the 


requirements of the driven machine. 


The same unit can be used for horizontal or upright floor, wall, or ceiling 
mounting — there are no “fixed” components to limit installation. And all of these 
adjustments are easily made in minutes with just a wrench and screwdriver, 

right on your assembly floor! As a result, a lower inventory of drives still covers 
your production requirements. 

Superior design improves drive efficiency and extends service life. The four 
bearings equally distribute belt load, increasing bearing and belt life. Movable 
discs slide smoothly on internally-lubricated splined shafts — won’t stick 

in place or wear. 

Rugged cast-iron housing with plated steel covers shields drive against dirt 

and corrosion , . . integral rotor fan cools the motor and force-ventilates the drive 
housing to extend bearing life. Oversize cartridge bearings are pressed on shaft 
and lubricated at the factory. Corrosion-resistant stainless-steel nameplates 
diagram proper motor connection, specify bearing sizes, and carry complete 
instructions for operation and lubrication. 

The ALLISPEDE DRIVE can be supplied with in-line or right-angle integral 
gears, brake, and tachometer. Sizes from 1 to 20 HP, with speed variations up to 8:1. 
Electrical and mechanical modifications for any application. 

Contact your Louis Allis District Office or Distributor for complete information 


and engineering assistance. Or write for Bulletin 3300, The Louis Allis Co., 
428 E. Stewart St., Milwaukee 1, Wis. 


*ALLISPEDE is a trademark of The Louis Allis Co. 
tJ 
s 


MANUPACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


Why UNBRAKO socket screws 
with Nylok* won’t work loose 


Self-iocking UNBRAKO socket screws, in a full range of standard types and 
sizes, are stocked by your authorized SPS distributor. Permanently installed 
locking pellets are serviceable from —70 to +250°F and will not dry out, 
rot or shrink, are not affected by age or fungus. 


Regular screws loosen under vibration because external 
stresses cause marked variations in screw tension, re- 
sulting in motion between mating threads and loss of 
frictional hoiding power. 


UNBRAKO socket screws with Nylok stay put, because 
they do not depend on screw tension to keep them tight. 
Here is how they work: A tough, resilient nylon pellet, 
inserted permanently in the threaded section of the 
screw, is the locking medium. Before assembly, the 
locking pellet projects slightly beyond the crest of the 
thread. When mating threads are engaged, it is com- 
pressed. Its springlike wedging action grips threads 
tightly and sets up a counterthrust, creating a strong 
metal-to-metal engagement of the mating threads. 
Locking is positive whether the screw is seated or not. 
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How Nylok locks: Resilient nylon pellet (A) sets up lateral thrust, 
smoothly wedging mating threads together (B). Locking action is 
entirely on threads and is positive, seated or unseated. 
UNBRAKOs with Nylok are easy to remove and are reusable. 


And the permanently installed nylon locking pellet 
retains strength characteristics from —70 to +250°F. 


In addition to their remarkable resistance to loosening 
under the most severe operating conditions, UNBRAKO 
self-locking socket screws save production time. They 
eliminate the need for lockwashers under the heads of 
screws, drilling of heads for lockwires, cotter pins, and 
complex multiple set screw installations. And they can 
be used repeatedly without losing their locking ability. 


See your authorized SPS industrial distributor for com- 
plete details. Or write SPS—manufacturer of precision 
threaded industrial fasteners and allied products in many 
metals, including titanium. Unbrako Socket Screw Divi- 
sion, STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


Jenkintown - Pennsylvania 


Standard Pressed Steel Co. © The Cleveland Cap Screw Co. e 

Columbia Steel Equipment Co. @ National Machine Products Co 

e WNutt-Shel Co. @ SPS Western @ Standco Canada ltd. e 
Unbrako Socket Screw Co., ltd 
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Tandem Assemblies 
in all three sizes of 


Enclosures for Ohmite Variable Transformers. 


portable or fixed use. 


RHEOSTAT-TRANSFORMER 
TANDEM ASSEMBLIES. EXCLUSIVE WITH OHMITE 


| Variable Transformers 
/ Give a ‘Bonus’ in 


Current Capacity 


EXPANDED LINE—Ohmite now offers industry six basic models with current ratings 
sufficient to meet a large percentage of industrial applications. The new line includes 
enclosed units and tandem assemblies. Two models, VT2 and VT4, offer capacity greater 
than competitive units of comparable size and price. An additional and sizeable “‘bonus” 
in current is given in all sizes when the overvoltage feature is not required (‘‘N”’ suffix, 
see below). 

DVANCED FEATURE Positive current transfer achieved with direct brush to slip-ring, 
pig-tailed connection; table or panel mounting—on VT4 and VTS sizes, adjustable shaft 
moves to brush or base side; interchangeable with other popular types both electrically 
and “‘mounting-wise”’; durable rhodium plating on brush track for longer life. 

PECIALS ENGINEEREL YOUR NEI Transformers can be modified to meet dif- 
ferent requirements mh as special shafts for nonstandard panel thicknesses, auxiliary 
switches, taps on transformer winding for fixed intermediate voltages, and motor drives 
for remote control or servo-operation. The only manufacturer in the industry concurrently 
producing power rheostats, tap switches, and variable transformers, OHMITE can also 
offer in-tandem combinations of these items. 

BA . ’ ’ A ney } 

MODEL VT2 MODEL VT4 MODEL VT8 

Volts output: 0-120/132 Volts output: 0-120/140 Volts output: 0-120/140 
Amps output: 1.5 Amps — 3.5 Amps output: 7.5 


) 


MODEL VT2N MODEL VIAN MODEL VT8N 
Volts output: 0-120 Volts output: 0-120 Volts output: 0-120 
Anps output: 1.8 Amps output: 4.75 Amps output: 10.0 


*Units available for 240-volt input also 


Write for Bulletin 151 
Available from 
Ohmite 


Steambatere or } OHMITE MANUFACTURING COMPANY | 3013 Howard Street 
direct from : sj ' 


factory ‘ ion s RHEOSTATS RESISTORS RELAYS TAP SWITCHES R.F. CHOKES 
oe , VARIABLE TRANSFORMERS TANTALUM CAPACITORS DIODES 
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Here's 
How to Cut 
Contact Costs... 
Maintain High 
Performance 
Quality... 


Use General Plate Clad 
Contact Materials 


Among the many advantages in using General 
Plate Clad Contact Materials are better electrical 
performance, longer operating life and lower fab- 
ricating costs. 

Single and double inlay, overlay and toplay 
make it possible to manufacture complete contact 
assemblies to close tolerances by single blanking 
and forming operations. Compare this to multiple 
operations whereby the contacts and supporting 
members are fabricated separately and then as- 
sembled by brazing, welding or staking methods 
and you readily see the savings in production 
costs alone. 

But that’s not all... here at General Plate we 
specialize in supplying you with complete fab- 
ricated clad contact assemblies ready for installa- 
tion. They will save you money, time and trouble 
. . . problems of precious metal inventory and 
scrap disposal are eliminated. 

Why not find out how you can cut costs, in- 
crease performance with General Plate Clad Con- 
tact Materials and fabricated assemblies. Write: 


You Can Profit By Using General Plate 
Clad Contact Materials 


Typical example of how General Plate 
Clad single and double inlay reduces 
fabrication and assembly costs by simple 
one-step stamping. 


METALS & CONTROLS (iti CORPORATION 


General Plate Division 1904 Forest St., Attleboro, Mass. 


FIELD OFFICES: NEW YORK * CHICAGO * DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 
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NAUGATUCK PARACRIL 0ZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


Now-the finest wire jackets can be QC olcied | 
e 


FOR SALES APPEAL - FOR SERVICE EASE 


New Paracril OZO—a superior rubber compound devel- compounds 
oped by Naugatuck — makes possible new eye appeal, new e excellent processability, with particularly fast extrusion 
ease of identification. And it outperforms standard wire 
jacket compounds many other ways, too! 

Compare new PARACRIL OZO with other wire jacket 
rubbers. Prove for yourself, new PARACRIL OZO gives: 


® permanent retention of bright colors! 


If you are not already using PARACRIL" for your wire 
jacket compounds or similar products requiring such proper 
ties, chances are 1000 to it’s because you haven't yet tried 
® significantly superior ozone resistance PARACRIL OZO 
* greater fuel and oil resistance Why not try it—soon. Contact your nearest Naugatuck 


® much greater abrasion resistance than standard jacket representative at the address below. 


Naugatuck Chemical 


Division of United States Rubber Company teenmmal eoneuiee 





Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices © CANADA Naugatuck Chemicals Division, Dominion Rubber Co, Ltd. Elmira, Ontario © CABLE Rubexpert, WY 





“Can you afford NOT 
to have the best possible 
single-phase and polyphase 
motor protection?” 
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... with KLIXON Protectors You Get Maximum Motor Overload 
Performance with Minimum Burnouts and Costly Down Time 


There are several ways to protect your three-phase 
motors against destructive overloading but only 
KLIXON built-in Protectors provide the following: 

@ Elimination of motor burnouts 
@ Maximum output of motor under any overload 

Minimum motor repair and replacement 

Simplified motor controls 

Least production down time 

In a KLIXON protected motor you get a tested 
combination of protector and motor — either single- 
phase or three-phase which has been installed by 
the motor manufacturer. 

When the motor and the protector are matched 


you know you are getting the best possible protection 
against overheated motors caused by: 
@ Prolonged overloads @ Failure to start 
@ Stalling e@ Lack of ventilation 
@ Increase in ambient temperatures 
@ Plugging or reversing duty 
@ Unbalanced voltage 

Be sure you get everything you expect from motor 
protection specify KLIXON protection when you 
order motors. For full information, check with your 
motor supplier’s district office, or write us for a copy 
of our new bulletin PR-1243 on KLIXON three-phase 
motor protection. 


CORPORATION 


3604 Forest Street, Attleboro, Mass. 


KLIxON 


METALS & CONTROLS 


Spencer Division 
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Whither Numerical Control? 


ECONOMIC FEASIBILITY usually determines the 
acceptance and spread of a design idea or 
a system concept in industry — or otherwise. 
Except for the military, the equipment must 
pay off in the ultimate user’s plant or another 
approach must be tried, After years of devel- 
opment we can state that the numerical con- 
trol idea is paying off in a variety of ways. 
The trend is in three directions: control 
of large, expensive machine tools that literally 
sculpture metal shapes out of the solid, using 
continuous-path control of the cutting tool; 
governed by 
manual - input 


discrete positioning systems 


simple instructions; and 
schemes. 

The philosophy of using numbers, expressed 
as holes in cards or tape, to define the 
motions of a machine tool was proposed to 
the U.S. Air Force ten years ago by a firm 
of consultants. Out of subsequent develop- 
ment contracts came explicit servomechanisms 
for machine actuation and computers and 
data input devices. Under the Air Material 
Command program came “hardware” in the 
form of some hundred numerically controlled 
machines either built from scratch or con- 
verted to the new controls. Their success in 
aircraft plants has been outstanding in terms 
of cost reduction in producing intricate parts 
that ordinarily would take 20 hours or more 
to machine. 

One drawback has been the time consumed 
in preparing the programming tapes, often 
involving tedious calculations. This problem 
has been met by the recent development 
(by MIT) of a system for adapting a large- 
size digital computer to accept tool-path 
instructions in the form of English abbrevi- 
ations and to prepare the punched tape after 
the calculations called for are made. The 
system is being made available on an in- 
dustry-wide basis. 

This development should lead to ever more 
sophisticated continuous-path controls and 
should stimulate further 
among makers of data process equipment. 


design activity 


But where does this leave the rest of the 
machinery manufacturers — aside from the 
six or so involved in the AMC program? 
The rest are finding plenty of room for de- 
velopment in the reverse direction — toward 
much simpler, lower-cost equipment. 
Beginning with these outsize machines, 
numerical control has been applied to dis- 
crete positioning systems such as establish- 
ing a series of X-Y coordinates for hole-drill- 
ing operations. In fact, general - purpose 
drilling machines (including jig borers, 
where linear positioning is chiefly involved) 
lend themselves most readily to the adoption 
of numerical controls. The next step has 
been to program tool changing by punched 
tape, eliminating another manual operation 
and adding flexibility. Such equipment is 


adaptable to job-shop operations and hence 
In fact, for 
discrete positioning control, the sales pitch 
is that the added system cost is economically 
justified when making one piece of a kind 
Set-up time all but 


opens up the widest markets. 


from time to time. 
vanishes, 

There is the further trend toward feeding 
in numerical instructions manually. Setting 
decimal tap switches is perhaps the simplest 
way of doing it. Dialing in the number with 
a telephone-type dial is even more flexible, 
but requires the addition of a register. Ob- 
taining dimensional accuracy by substitution 
of electrical counting methods for human 
skill is the goal here. 

Numerical control ideas are being carried 

particularly by punched 
from welding and cutting 


into other fields 
card or tape 
machines to rolling mills and even stage 
lighting. There is a host of other equipment 
awaiting the system designer’s ingenuity to 
program their performance by electrically 
coded numbers. 


Frank 9. C2b-a, 


Editor 





Air-cooled eddy-current brake. 
(Dynamatice Division, 
Eaton Manufacturing Co.) 


Each of the various basic forms of eddy- 
current couplings and brakes possesses 
qualities that fit it to particular mechanical 
loads. The duty cycle, inertia, static and 
running friction of the load, its tendency 
to “overhaul” or run ahead of the drive 
and any speed-regulation requirements 
must all be considered. Total drive-to-load 
matching involves the selection of type 
and rating of coupling and deciding 
whether brakes are necessary and whether 
open or closed-loop control systems must 


be used. 


R. P. BLEIKAMP 

Industrial Engineering Department 
Westincuouse Evecrric Corroration 
East Pittsburgh, Pa. 


MANY SYSTEMS ARE AVAILABLE for driving machines at 


adjustable speeds, ranging from simple mechanical 


schemes using belts and multip'e-diameter pulleys to 
relatively complex systems such as adjustable-voltage 
d-c drives. Proper selection of a drive for a given machine 


requires a thorough understanding of the characteristics 
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Soft sor 


cylinder 


Fig. 1--Prineiple of the 
rotating-field eddy-current coupling. 


Load Factors in 


of each of the available drive types as well as a complete 
knowledge of the machine requirements. 

Figure | illustrates an elemental eddy-current coupling. 
The rotor assembly consists of a shaft upon which are 
mounted a field coil and two multiple pole pieces. The 
coil is energized from a d-c source through slip rings. 
The magnetic fields thus established are as shown. When 
the rotor is turned, these magnetic fields rotate in syn- 
chronism with it. 

When the rotor is placed within the stator 
case simply a soft-iron cylinder 


in this 
the radial air gaps 
between the rotor pole pieces and the stator are small. 
As a result, virtually all of the magnetic flux from the 
rotor flows in the soft-iron cylinder. As the energized 
rotor rotates within the iron cylinder, the magnetic flux 
sweeps through the cylinder and induces eddy-currents 
in it. These eddy currents establish secondary magnetic 
fields which, interacting with the rotor fields, develop 
torque tending to drag the cylinder along with the rotor. 

It is evident that there must be relative motion between 
the rotor and the stator in order to develop any torque. If 
there is no relative motion, there are no eddy currents 
produced and thus no torque. The amount of torque pro- 
duced by a given coupling is a function of the rotor field 
strength and the speed difference between rotor and 
stator. Torque increases with increased excitation and 
also with increased slip. 

In the eddy-current brake — essentially an eddy-cur- 
rent coupling with the output member permanently 
fastened to the frame to prevent rotation — no torque 
can be produced at standstill because there is no relative 
motion between rotor and stator. 

Figure 2 is a cutaway view of an actual rotating-field 
coupling.* The input shaft is on the right and carries the 


hotes of all actual couplings and brakes 
natic Division, Eaton Manufacturing Co 
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Fig. 2—-Liquid-cooled, rotating-field 
eddy-current coupling. 


Fig. 3—-Liquid-cooled, 


stationary-field eddy-current coupling. 


Selection of Eddy-Current Drives 


rotating drum. The output shaft, on the left, carries the 
cast-steel field section, the field coil and the slip rings. 
This particular coupling is of the liquid-cooled type. The 
outer housing provides bearing support for the shafts 
and contains and directs the coolant. This model has a 
small permanent-magnet tachometer-generator mounted 
concentrically with the output shaft, as seen at the ex- 
treme left. 

The use of a rotating-field coil with the necessary slip 
rings and brushes results in maintenance and reliability 
problems which do not exist when using a stationary- 
field coil. Figure 3 shows a coupling in which the excita- 
tion coil is rigidly mounted in the frame. The input shaft 
is on the right and carries a smooth cylindrical drum so 
designed that there is a small air gap between the sta- 
tionary-fie'd assembly and the drum. The output shaft, on 
the left, carries the toothed rotor. The flux path is from 
the field piece to the cylindrical drum to the toothed 
rotor, then axially in the rotor and back to the cylindrical 
drum and then to the field piece. The flux thus traverses 
two double air gaps. Torque is developed by the inter- 
action of eddy-current induced magnetic fields on the 
inner surface of the cylindrical drum with the main field 
concentrated in the rotor teeth. The main-field flux -is 
prevented from being “short-circuited” in the cylindrical 
drum by a nonmagnetic strip which separates the two 
halves of the drum. This strip may be seen immediately 
under the field coil. This design is of the liquid-cooled 
variety and has a tachometer-generator belt driven from 
the output shaft. An air-cooled coupling with stationary 
field is shown in Fig. 4 

When a stationary field is used, increased reliability 
and reduced maintenance are achieved at the expense of 
efficiency. Excitation losses are increased somewhat be- 
cause the double air gap requires more excitation. An 
additional source of losses is magnetic drag, caused by 
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non-useful eddy currents at the outer surface of the 
cylindrical drum. Magnetic drag losses approximate one 
per cent of rating. 

Eddy-current brakes, Fig. 5, are always of stationary- 
field construction. Combination eddy-current clutch and 
brake units are also available and, in general, any 
standard coupling can be obtained with an integral 
brake of the same peak torque rating. Combination 
clutch-and-brake units have two coils, one to be excited 
for coupling action and the other for braking action. 

Slip-Torque Characteristics. | many respects the 
eddy-current device is similar to the squirrel-cage induc 
tion motor. In the squirrel-cage motor, a rotating mag- 
netic field is established in the air gap by means of a 
polyphase winding on the stator. In the eddy-current 
device, at least in the rotating-field type, a rotating field 
is established by mechanical rotation of the energized 
rotor assembly. The soft-iron cylindrical rotor of the eddy 
current device is analogous to the squirrel cage of an 
induction motor, 

It is not surprising, then, that the slip-torque charac 
teristic of an eddy-current device is similar to that of a 
squirrel-cage motor. Furthermore, many of the modified 
slip-torque characteristics obtained in squirrel-cage 
motors can similarly be obtained in eddy-current devices. 
For instance, the use of high-resistance material for the 
soft-iron cylinder of the eddy-current device affects its 
slip-torque curve just as the use of high-resistance rotor 
bars affect the slip-torque curve of a squirrel-cage motor. 

Figure 6 shows a typical slip-torque characteristic for 
a rotating-field coupling at maximum rated excitation 
and at several values of reduced excitation. Figure 7 
shows the same data for a typical stationary-field coup 
ling. Note the different shapes of the curves for rotating 
and stationary-field constructions. If slip-torque charac 
teristic shape is critical, the curve for a particular unit 
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must be examined, as the characteristic may vary con- 
siderably from size to size even among units of similar 
construction. Figure & shows the slip-torque character- 
istics for typical eddy-current brakes at rated excitation. 
Note that, for the brake unit, slip is equal to speed. 

Torque and Power. The eddy-current coupling is 
auialogous to a slipping mechanical clutch insofar as its 
torque transmission and power-loss characteristics are 
concerned. The input torque is always essentially equal 
to the output torque, neglecting friction, windage and 
inertial torques. The eddy-current coupling is not a 
torque converter. Whenever output speed is different 
from input speed, heat is generated, This loss, called slip 
loss, is essentially equal to the difference between input 
shaft power and output shaft power, and can be evaluated 
as follows: 

T = input torque = output torque, lb-ft 
\ input speed, rpm 
\ output speed, rpm 
NT 


5250 


VoT 


5250 
VT V.T 
5250 5250 


T X(N, V2) 


5250 


input power hp 


outpul power 


hp 


slip loss 


torque X slip rpm 


5250 


The slip loss is the major source of heat in the eddy- 
current coupling or brake and is dissipated in the cool- 
ing fluid, air or water, 

Figure 9 shows how the input power in a coupling 
divides between output power and slip loss as a function 
of the output-to-input speed ratio. The slip loss may be 
of no particular consequence in some applications, but 
in others will preclude the economic use of the device. 

At rated torque and rated output speed the slip loss 
of an eddy-current coupling will be from 2 to 4 per cent 


a 


(Oe 


1 


— 


Fig. 4-Air-cooled, stationary-field eddy-current coupling. 
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of the output power. Other losses are as follows: 
Coolant acceleration loss 
(liquid-cooled units only) 
Windage and friction 
Magnetic drag 
(stationary field units only) 
Excitation 


0.5 to 0.75 per cent 
0.25 to 0.75 per cent 


1 per cent or less 
1 per cent or less 
Thus, the peak efficiency is likely to be in the range 
of 92 to 96 per cent. At reduced speeds, this slip loss be- 
comes the dominant factor and the efficiency is essentially 
equal to the ratio of output speed to input speed. 
Electrical Control. Most eddy-current devices are used 
as couplings between squirrel-cage or synchronous motors 
and machines which must be driven at variable speeds. 
The simplest type of control is adjustable excitation 
of the eddy-current coupling through a rheostat from 
a suitable d-c source, Fig. 10, This type of control pro- 
vides no automatic speed regulation. Adjusting the coup- 
ling excitation merely establishes the slip-torque curve 
upon which the coupling will operate, Fig. 11. The out- 
put speed obtained is determined by the intersection of 
the load speed-torque characteristic with the coupling 
speed-torque characteristic as shown. If output speed is 
to be held reasonably constant, the intersection of the 
load speed-torque curve with the operating coupling 
speed-torque curves must be sharp. If the intersection 
is not sharp, relatively small variations in load torque 
or coupling characteristic will result in large speed 
changes. Most loads requiring adjustable-speed drives 
are not suitable for this simple control scheme. 


Most eddy-current couplings used to provide adjust- 
able speed are controlled by tachometer feedback speed 
regulators. In this, a tachometer-generator is driven by 


the output shaft of the coupling and provides a voltage 
signal proportional to speed. This is compared to a 
reference voltage and the error signal is used to adjust 
coupling excitation to hold constant speed, Fig. 12. 
Standard electronic controls will hold steady-state 
speed within | to 2 per cent of top speed with a load 
change from 25 per cent load to 100 per cent load. A 


long-time speed drift of +=] per cent is also to be expected. 


5—-Liquid-cooled eddy-current brake. 
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Greater accuracy may be available if load characteristics 
are suitable. Standard magnetic-amplifier controls will 
hold steady-state speed within +2 to 3 per cent of top 
speed with a load change from 25 per cent load to 100 
per cent load. A long-time speed drift of _2 per cent is 
also to be expected. Special electronic controls featuring 
reduced regulation under load change and reduced drift 
can be designed for particular load characteristics, 
Special attention must be given to speed-regulated 
eddy-current couplings under certain conditions. Con- 
sider a drive consisting of a 1750 rpm _ squirrel-cage 
motor and an eddy-current coupling driving a load at 
1000 rpm. Suppose that the operator desires to operate 
at 800 rpm, and sets his speed-control rheostat to 800 rpm. 
The control recognizes that the speed is too high and 
cuts off excitation. The drive must coast down to the 
new speed; it cannot provide any braking action to re- 
duce speed to the new required level. To overcome this 
particular problem it is sometimes necessary to add an 
eddy-current brake to the drive and to use a control 
which will excite either the coupling or the brake as 
required, The same problem arises with loads which some- 
times require driving and sometimes become 
hauling”—that is, tend to run ahead of the drive. 
Water Cooling. Most liquid-cooled brakes and coup- 
lings use water as the coolant. Careful control of the 


“ 
over- 


acidity and solids content of the cooling water in ac- 
cordance with the recommendations of the manufacturers 
of the drive devices is important, as corrosion and scale 
may adversely affect the operation of the equipment and 
lead to excessive maintenance Water- 
temperature and pressure controls are generally provided 
to assure adequate and suitable flow of coolant. 
Running Torque. Many of the same factors entering 
motor selection must be considered in applying eddy- 


requirements, 


current drive elements. A coupling must be capable of de- 
livering continuously, without excessive temperature rise, 
the torque required by the driven machine at each speed 
which may be required for long periods of time. Two 
specific factors must be checked to determine if a given 
coupling will meet this requirement. 

1. The speed-torque point at which continuous opera- 
tion is desired must be within the 100 per cent excitation 
curve on a speed-torque plot for the specific coupling 
under consideration. 

2. The ‘slip loss at the continuous operating point 
must not exceed the thermal rating of the specific coup- 
ling under consideration. 

At low values of slip, the maximum torque which can 
be transmitted by a specific coupling will be limited 
by the magnetic and thermal properties of the coupling- 
field circuit. At high values of slip, the maximum torque 
that can be transmitted by a specific design will be 
limited by its thermal rating, which is a measure of its 
ability to dissipate slip losses. 

Accelerating Torque. A coupling must have sufficient 
torque-transmitting capacity over and above the steady- 
state load torque to break away and accelerate the ma- 
chine. Rotating-field couplings have a starting torque 
which is less than the maximum torque at any particular 
excitation. Special care must be exercised in this case 
to be certain that the drive will be able to break away 
the load; i.e., to overcome the static friction which 
may be quite high compared to running friction. 

When 


feedback speed-regulating controls are used to excite an 


electronic or magnetic-amplifier tachometer 
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Fig. 6—Typical slip-torque characteristics, rotating-field coup- 
ling. 
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Fig. 7--Slip-torque characteristics, stationary-field coupling. 
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Fig. 8 Brake characteristics. 
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Fig. 9 Division of power, eddy-current coupling operating at 
constant torque, 
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Fig. 10 Manual-excitation control of eddy-current coupling. 


Fig. 11—Eddy-current coupling slip-torque characteristics for 
various degrees of excitation, 
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Vig. 12. Feedback speed control of eddy-current coupling. 
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eddy-current coupling, maximum excitation will auto- 
matically be applied when starting, because speed is far 
below the pre-set value. This is not the case when straight 
manual-excitation control is used, Maximum. starting 
torque under straight manual-excitation control is ob- 
tained only when the rheostat is manually set for maxi- 
mum field current. If the operator fails to provide maxi- 
mum excitation, the drive may not start and the excessive 
slip loss can quickly damage the coupling. For this reason, 
caution is indicated when applying straight manual- 
excitation control. 

Decelerating Torque. Many industrial drives must 
develop decelerating torque under certain conditions 
either to limit speed when the load becomes overhauling, 
or to force the driven-machine speed from a higher 
operating speed to a lower operating speed. Caution 
must be exercised in applying eddy-current coupling 
drives to loads requiring braking torque for either of 
these reasons. 

Overhauling Loads. The eddy-current coupling will 
develop braking torque—that is, torque direction oppo- 
site to rotation direction with output rotation same 
direction as input rotation—only if the output member 
is rotating faster than the input member. It is also neces- 
sary that the coupling have sufficient excitation to develop 
the required torque and that the prime mover be cap- 
able of regenerating power. This means that the usual 
eddy-current coupling driven by a squirrel-cage motor 
will provide braking torque only when the output speed 
is greater than the synchronous speed of the driving 
motor by the sum of motor slip and coupling slip re- 
quired to develop the torque. A drive consisting of an 
1800 rpm squirrel-cage motor and an eddy-current coup- 
ling will furnish rated torque in braking at a speed of 
about 1900 rpm (synchronous motor speed of 1800 
rpm plus 50 rpm motor slip plus 50 rpm coupling slip). 
This assumes rated excitation on the coupling. If coupling 
excitation is under manual control, such braking torque 
may be available, but if coupling excitation is supplied 
from a speed regulator, the coupling will be unexcited 
whenever output speed exceeds the preset speed and 
no braking torque will be available. If overhauling loads 
are possible it may be necessary to add an eddy-current 
brake to the drive to prevent a runaway condition. 

Speed Reduction. It is sometimes desirable that the 
speed of a driven machine drop quickly from a higher 
operating speed to a lower operating speed or to a stop. 
An eddy-current coupling will not develop braking 
torques when operating between zero speed and syn- 
chronous speed of its driving motor. Therefore, if such 
braking torques are required, it is necessary to add an 
eddy-current brake, or other brake, to the drive along 
with additional control to energize the brake when a 
speed reduction is desired. If the driven machine has 
a high ratio of load torque to load inertia, its speed may 
drop quickly without any external braking and in this 
event the simple drive may be adequate. 

Duty-Cycle Applications. Machines which present 
cyclic loads can normally be powered by drives which 
are continuously rated at less than the peak load re- 
quirement of the driven machine. If the period of the 
cyclic load is short compared.to the thermal time-con- 
stants of the coupling, the only calculation required in 
selecting a coupling is to determine that the average slip 
loss is no greater than the coupling thermal rating. 

High-Inertia Drives. The slip energy which will be 
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Fig. 13—For fan loads, speed related to efficiency (top), kw 
input (center) and kva input (bottom) for d-e adjustable 
voltage drive, curve A, compared with eddy-current coupling 
and squirrel-eage induction motor, curve B. 
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50 60 70 80 90 Fig. 14—For constant-torque load, curves relating speed to 
Per cent speed efficiency, kw and kva input for d-c adjustable voltage drive, 
curve A, and for eddy-current coupling with squirrel-cage 
induction motor, curve B. 
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Fig. 15—For constant-horsepower load, curves relating speed 
to efficiency, kw and kva input for d-e adjustable voltage drive, 
eurve A, and for eddy-current coupling with squirrel-cage 
motor, curve B. For constant-horsepower load, an oversized 
motor ‘and coupling are required, in this case for a 10 hp 4:1 
speed range load, the drive consisted of a 40-hp motor and a 
0-hp coupling. 
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generated in an eddy-current coupling in accelerating a 
given inertia is: 
uu 0.000231 * WRC 


where 


S.") Ginput speed)? watt-sec 


S slip rpm at beginning speed 

S, = slip rpm at ending speed 
The temperature rise this will cause in the coupling is 
dependent upon the mass of the rotor, the material of 
the rotor and the length of the accelerating period. It is 
unlikely that excessive temperature rise in the coupling 
from this source will be encountered in the great majority 
of industrial applications. It is advisable to have the 
coupling design engineer review applications involving 
extremely high load-inertia. 


Efficiency. The major source of losses in transmitting 
power through an eddy-current coupling is the slip 
power loss. Because slip loss is a function of both slip 
speed and the torque being transmitted, no single curve 
can relate drive efficiency to speed under all conditions. 
Many industrial drives present loads which closely ap- 
proximate one of the following three types: 
torque = C, X (speed) 
hp Cy. * (speed) 


torque = (C, 
hp Cy, X speed 


Fan load: 
Constant torque: 


Constant hp: torque x speed 


hp Ci 
The C factors in the foregoing are constants. 

Figures 13, 14 and 15 show efficiency, kw input and 
kva input vs speed for each of the listed types of loads 
assuming an induction motor/eddy-current coupling 
drive and assuming a peak requirement of 10 hp. For 
comparison, corresponding curves for a 10-hp adjustable- 
voltage d-c drive are shown. 

The general approach to drive problems involving the 
use of eddy-current coupling is demonstrated by an appli- 
cation to a center-drive windup, Fig. 16. For a given 
delivery speed, constant tension in the material being 
wound requires that the drive furnish torque according 
to the following equation: 


torque = constant/speed 


This characteristic is shown in Fig. 17. Point ] represents 
the conditions existing for an empty mandrel in the 
windup. At this point, the speed is maximum and _ the 
torque a minimum. Point 2 represents the conditions 
existing at maximum build-up. At this point the speed 
is a minimum and the torque a maximum. As the material 
is wound from empty core to finished roll, the speed 
must decrease and the torque must increase in the same 
ratio as the ending-to-beginning roll diameters. These 
statements apply for constant delivery speed and constant 
winding tension. If these factors are variable, they re- 
spectively increase the speed and torque range through 
which the drive must be capable of operating. 

Reference to the required operating characteristic on 
Fig. 17 shows that the inherent speed-torque character- 
istic of an eddy-current coupling at constant excitation 
is not suitable for this application. 

Curve A in Fig. 17 shows the speed-torque character- 
istic of a speed-regulated eddy-current coupling with 
“normal” gain in the speed regulator. Curve B is the 
speed-torque characteristic of a speed-regulated coupling 
with greatly reduced gain in the speed regulator. Note 
that this curve passes through two of the desired operat- 
ing points. Curve C shows the coupling characteristic 
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Fig. 18—Variable-gain tachometer-generator circuit. 


with essentially zero gain in the speed regulator, and it 
follows the desired curve closely over a small portion 
of the range. Regulator gains intermediate between those 
for the B and C curves give a family of characteristics 
falling between the B and C curves. 

The operating characteristic of a speed-regulated coup- 
ling can be made to follow closely the desired charac- 
teristic by automatically “gain” of the 
regulator as a function of drive speed, operating with 


varying the 


essentially zero gain at empty core, and gradually in- 
creasing the gain for lower speeds. Automatic gain varia- 
tion is provided by the speed-measuring circuit shown in 
lig. 18. Note that the rate of voltage-change with speed, 
which directly affects the speed-regulator gain, is high 
at low speeds and low at high speeds, as required. The 
use of this tachometer feedback network in conjunction 
with a conventional speed regulator gives a reel drive 
which holds constant tension for buildups as large 
as 10 to 1. Oat 
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Beginning—o new five-part series on advanced servomechanism design. 


In design engineering, there is probably no single field 
that has had a faster growth in the last few years than the 
design of automatic control systems (or servomechanisms, 
feedback systems, closed-loop controls — call them what 
you will!). Gaining momentum during World War II in 
weapons systems, in autopilots, etc., the use of automatic 
controls has spread to the machines that make automated 
factories possible, to the process plants that run un- 
attended for periods of time previously unthought of, 
and to the appliances and means of communication which 
we all use every day. 

In 1956, ErecrricaL MANUFACTURING published a series 
of articles on servomechanisms in which various types of 
systems were described and certain aspects of design were 
explained. This was essentially a simplified view of the 
field, the underlying mathematics and theory involved 
being used only when necessary. It is now our intent, in 
keeping with the growing technology, to present a more 
sophisticated approach with a series of articles on ad- 


vanced servo design. By beginning with the basic mathe- 
matical principles involved, this new series will be funda- 
mental in concept, universal in applicability. Building on 
this mathematical foundation, the series will proceed to 
the actual theory of servo design, describing, with illus- 
trations, the various methods, Finally, we will discuss the 
ways in which a servo design may be analyzed with re- 
gard to its performance, emphasizing particularly the 
various means of determining system stability. 

The author of this series is Ira Ritow, who wrote the 
1956 series as well as the special insert on Fourier analy- 
sis which appeared in February of this year. Many con- 
ferences and lengthy planning sessions were held by Mr. 
Ritow and the editors in order to make the series of the 
highest value to our readers and, we hope, to offer a 
valuable contribution to automatic control system design. 

The series, which will run for five consecutive months, 
will be available in combined reprint form after publica- 
tion of the final part. 
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Numbers Redefined. The following are complex 
numbers: 
17 
3 
iz 
Or, to put it in general terms, 


a + bj ==a complex number 

where a and b are ordinary numbers, either positive o1 
negative, integer, fractional or irrational, and j* is the 
square root of minus one. That is, 


C/f/—1=(V—1)? | 
The portion of the complex number represented by a is 
called the real part and bj the imaginary part. The com- 
mon use of the word “imaginary” for the part of the 
complex number that includes the square root of —1 is 
unfortunate, for “imaginary” usually means “unreal” 


and \/—1 is no more unreal than —7 or +3! All num- 


*In mathematics the symbol is customaril V-l instead of j. 
In servo design and ele it engineering in general, however, it is common 


practice to use j to avoid confusion with the e electrical current. 
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bers are unreal!! An explanation of this statement 
follows: 

Numbers can be regarded as abstract symbols that 
have an orderly sequence and can be manipulated accord- 
ing to a set of rules to produce other numbers. By 
changing the rules, different algebras can be invented. 
When someone notices that a physical problem can be 
converted into number symbol form and that, by manipu- 
lating the numbers within the rules of an algebra, a 
number results that can be interpreted as an answer to 
the problem, then an applied mathematics is born. Addi- 
tion, subtraction and multiplication of positive integers 
lead to the solution of problems of counting and arrang- 
ing. The introduction of fractions permits problems in 
proportions to be solved. Negative numbers (what could 
be more unreal than less than nothing?) complete the 
kit of mathematical tools to the point that business credit 
and debit problems can be solved. From integers to frac- 
tions to negative numbers to complex numbers—a chain 
of abstract symbols, all unreal—and the square root of 
minus one is no more abstract than plus two. 

The Need for Complex Numbers, Today there are 
uses for complex numbers in electrical phasor analysis, 
in symmetrical component analysis, in network analysis, 
in servomechanism analysis and in many other problems. 
\ need for complex numbers, however, arises from a 
1. Since the 


square of either +2 or —2 is +4, neither can be a solu- 


simple problem in algebra: find x if x° 
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tion. Hf, 
J 1, then the problem could be solved as follows: 


however, there were a number, j, such that 


| 
(--1) 
7) (2/) 
2) 


‘ 
J 


Representation of a complex number as a point on 


(3+ 4j)=(c)=(a)4(b) 


-” 
Pd 
-~ 


fis 3j)= (0) 


A (2 4+))= (6) 
am 





ined 
2 3 


4} 


Fig. 2—Addition of two complex numbers. 


If the symbol j \ l is added to ordinary algebra, all 
numbers. positive or negative, have two square roots, 


three cube roots, ete. 


Representing Complex Numbers. Ordinary num- 
bers such as 0, 14, —4, and +-634 have a single (real) 
part and can be represented as points on a line. Since a 
complex number has two parts (real and imaginary), it 
can be represented as a point on a plane. This is shown 
in Fig. 1. The abscissa is called the axis of real com- 
ponents and the ordinate the axis of imaginary com- 
ponents. Any complex number can be represented as a 
point in the “complex plane” as this plane is called. ° 
Several points are indicated. Note that any ordinary 
number (a complex number with an imaginary part equal 
to zero) lies somewhere on the axis of real components. 
It is also apparent that for a complex number to equal 
zero, both its real and imaginary components must equal 
zero. Real numbers can be considered to be special cases 
of complex numbers. 


Algebraic Operations with Complex Numbers. 
The addition of two or more complex numbers is ac- 
complished by adding their real components together 
and then adding their imaginary components together as 
follows: 

1 +- 37 (a) 
2'4+- 7 (b)| 
3 + 4j (c) —2j (f) 
(a) + (b) = (c) (d) + (e) = (f) 


These summations are shown in Fig. 2. The addition of 


1 — j (d) 
4 —j (e) 


(a) +- (b) can be interpreted in graphical form by as- 
signing a vector arrow from the origin to each point [the 
dotted arrow represents (a) and the dashed arrow repre- 
sents (b)| and then moving one arrow in a parallel 
motion so that its tail touches the tip of the arrow that 
was not moved. In the construction shown, the dashed 
arrow was moved to become the dash-dot arrow. The tip 
of the moved arrow then falls on the desired sum. It is 
suggested that the reader practice by going through the 
=e (g). 


Subtraction of complex numbers is the same as addi- 


! 


graphical construction for (d) + (e) 


tion, with the intermediate step of changing the sign of 
the subtrahend. Thus this subtraction problem 


(7 + 3) 
(4 — 3)) 


is converted to this addition problem 


(7 + 3)) 
(—4 + 3) 


to yield: 3 + 6) 

Multiplication of complex numbers proceeds in the 
same manner as ordinary algebraic multiplication. All 
that need be noted is that j? 1. For example, 

(7 + 2j/) G3 —4j) = (7) (3) + 2/) B) +7) ( 
= 21 + 6) — 28) 8 

21 — 22) —8(—1) 

21 — 227+ 8 

29 — 29) 


1) + 2) CI) 


A graphical interpretation of multiplication will be given 
in the next section. 

The complex conjugate is an interesting and useful 
number. The complex conjugate of (a + jb) is (a — jb). 
In the complex plane the complex conjugate of a number 
is at the location of its image if the axis of reals is re- 
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placed by a mirror. This is illustrated in Fig. 3. The 
numbers plotted as a and a’ are complex conjugates of 
each other as are b and b’, ¢ and c’, ete. If two numbers 
are complex conjugates of each other, their product is a 
real number. For example: 

(7 + j3) (7 —j3) = 49 + j21 —- j21.— 9 

19+ 9—58 

In general: 

(a + jb) (a yb) a’ + b 

Division of complex numbers can be accomplished by 

using multiplication by the complex conjugate of the 
denominator to reduce the problem to real number divi- 
sion. For example: 


(3 +)4) (3 + j4) 2 — j2) 
2+ s2) © 


14+ )2 
$ 

In the above example. both numerator and denominator 
were multiplied by the complex conjugate of the de 
nominator. The only “division” that was actually carried 
out was to divide by 8 a real number, in the last step. 
In the above answer, j(14,) was written 0.25j instead of 
j0.25. Either form is correct. 

Polar Form of Complex Numbers. Complex num- 
bers can be written in a polar form such as: 

1.3e77, 5e7, 3e°57, 4e79- 7 


As shown in Fig. 4. where these points are plotted, any 
complex number can be represented in this notation by 
a term of the form ce“ where c¢ is the distance in the 
complex plane from the origin to the point and d is the 
angle in radians* from the real number base line to a 
ray from the origin to the point. 

Any complex number can be written in either Car- 
tesian form (a+ jb) or in polar form (ce”). Figure 5 
shows the equivalence of the two forms and shows their 
conversion equations. The fact that the two forms are 
equivalent is not arbitrary, for either can be derived 
from the other by using the basic infinite series defini- 
tions for sin x, cos x and e* that are found in any hand- 
book. 

Notice in Fig. 5 that, since the magnitude of a complex 
number is given by ¢ in ce’, then e@ by itself must have 
a magnitude of unity. This is true and a few values of 
e/4 are plotted in Fig. 6. Notice that all the points shown 
lie on the “unit circle’—a circle of unit radius that is 
the dividing line between complex numbers of magnitude 
less than one and complex numbers of magnitude greater 
than one. Since e’?” 1, d in e@ can be increased or 


decreased by any integer number times 27 without 


changing the value of the complex number. Thus e’” 
»im/2 + 2m) eon/2) 


é Since J e!™/*, these nota- 


tions can be interchanged at will. It is suggested that 
the reader check all the equalities of Fig. 6 as an exercise. 

Two complex numbers in polar form can be multiplied 
together very easily. The magnitude of their product is 
the product of the individual magnitudes of the mullti- 
pliers and the angle of the product is the sum of the 
angles of the multipliers. That is. 

1e*? & Be: 1 Belo" 

This is illustrated in Fig. 7. 


Division is the inverse of multiplication. Thus, to 


*) radian 7 radians 
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divide complex numbers, their angles are subtracted and 
their magnitudes are divided. 

Raising a complex number to a power is an extension 
of multiplication and consists of multiplying the angle 
by the power and simultaneously raising the magnitude 
to a power. For example: 


(le?) (1)%e 
6 te®! 


Finding the roots of a complex number is equivalent 


to raising the number to a fractional power. For example: 
(Ae?*)°5 = (4) Se 2¢ 
There is a second square root, however, since 
le le " fe 18-8 
Then 


(te?) (4e #8-28)9.5 —— (4) 5e 


Qeitl4 
The two square roots of 4e” are shown in Fig. & Notice 


that the two square roots are T8380 dee apart and that 


Fig. 3--Points marked with primes are 
of similarly lettered points without primes. 


complex conjugates 


Fig. 4 Complex numbers in polar form, 
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Fig. 5—Equivalence of complex number expressed in Cartesian 
and polar forms. 


doubling the angle of either square root yields the angle 
of the original number. By a similar approach, three 
cube roots, four fourth roots, ete. can be found for any 
number, real or complex. 

Vectors, phasors, symmetrical components and com- 
plex numbers are often confused and misinterpreted as 
being equivalent. All are added in a similar manner, but 
each has separate features. Vectors are multiplied in two 
different fashions (called dot and cross). Phasors are 
complex numbers that are on a complex plane that is 
considered to be spinning about the origin at a constant 
speed with respect to a set of fixed axes. At any fixed 
instant of time, phasors are complex numbers. Sym- 
metrical components are an extension of phasors such 
that there are three complex planes in use in all calcula- 
tions. One complex plane spins clockwise. the second 
spins counterclockwise, and the third remains fixed. 
(These three planes are mathematical tools used to reduce 





Unit circle 
-j=e 


Fig. 6—The angle term (e’") of the polar form is always 
equal in magnitude to one. 
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non-symmetrical, problems into 
three symmetrical, single-phase problems. ) 

Functions of a Complex Variable. A function of 
a real variable is defined as: 

y=f (2) 

where y is a function of x. In words, for every value of x. 
there is a value (or more than one value) of y. Similarly. 
a function of a complex variable is defined by 


z=f (w) 


where. for every value of w there is a value (or more 


three-phase electrical 


than one value) of z. In this case. w and z are complex 
numbers. A difference between real and complex number 
functions becomes apparent in plotting them. If, for 
example, 


y og 


and x and y are restricted to be real numbers, any value 
of x or y can be represented as a point on a line, a single 
dimension. Two dimensions (a plane) are therefore sufh- 
cient to plot y as a function of x as shown in Fig. 9. 

In the case of complex numbers, two axes are needed 
to plot either z or w alone; therefore, two sets of axes are 
needed to plot the function. Figure 10 shows the plot of 
z= w* where z and w are both complex numbers. In 
order to read the graph it is necessary to pick a point 
on the w plane; that is, select a value of w, then find the 
corresponding point on the z plane and read the desired 
value of z from the z-plane axes. For example, if w is 
15 + jO (point ‘‘e” 
(point “e” 


on the w plane), z is 2.25 +- j0 
on the z plane). A dashed grid is drawn in 
both planes to facilitate finding points in either plane 
that correspond to points in the other plane. It is sug- 
gested that the reader find points “a” through “f” in both 
planes as an exercise. 


Notice that points “e” and “f{” are the same point in 
the z plane and that half of the w plane corresponds to 
the entire z plane. This is because, if y x? in real num- 
bers or z = w? in complex numbers, either x or w has 
two values for every single value of y or z. In other 
words, x and w are multiple-valued functions of y and z, 
respectively. The technique of plotting a grid on the u 
plane to cause a distorted grid to appear on an f (w) 
plane is used as a tool to transform problems in fields 
from one geometry to another and is called transformal 
mapping. The transformation z 
data system design. 


e’ is used in sample 


Another way to plot a function of a complex variable 
is to plot only the magnitude of the function in the form 
of a plaster model. This is shown in Fig. 11 for the case 
of z = w*. Only a part of the w plane is illustrated and 
the top of the model has been cut off because its height 
(the magnitude of z) increases rapidly as the magnitude 
of w increases. 

Of particular interest in servo design and network 
analysis problems are the occurrence of “zeros” and 
“poles” in the three-dimensional plot of a complex func- 
tion. A zero is a point on the complex plane of the in- 
dependent variable (w) where the dependent variable 
(z) has a magnitude of zero. Such a point occurs at the 
origin in Fig. 11 for the case z 
of singular point. 


w*. A pole is one type 
A singular point is a point in the 
plane of the independent variable where the dependent 
variable becomes infinite. A singularity occurs in the 
plot of z vs w shown in Fig. 12 at the point in the u 
plane where z becomes infinite. 
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There are two types of singularities—removable and 
essential. Loosely speaking, a singularity at which the 
function goes to infinity with ordinary steepness is a 
“removable singularity” or “pole.” A singularity at which 
the function goes to infinity with extraordinary steepness 
is an “essential singularity.” The precise test to determine 
the type of singularity involved is to replot the function 
after multiplying it by (w— w,) where w, is the com- 
plex value of w at which the singularity occurs. If the 
plot of [f (w)] & (w— w,) has no singularity at w 

w,, then the singularity is a “pole of first order” (also 
written “first order pole”). If the singularity 
after the above step but disappears in a plot of [f (w) | 
w,)*, then it is a pole of second order, and so on. 


remains 


x (w 


If the pole is of infinite order, it is called an essential 


singularity. 

The derivative of a function of a complex number is 
similar to the derivative of a function of a real number. 
If z is a function of w, dz/dw is the limit of the ratio of 
a very small change in z to the corresponding small 
change in w as the size of the change is reduced to zero. 
\s an example, the derivative of z with respect to w, 
dz/dw for the case of z w°*, will be found at point a 
in Fig. 10 by an approximate calculation using a finite 
change in w. If z goes from a to a, in the z plane, w goes 
from a to a, in the w plane. The desired derivative is 


then 


3.14+2.5)—(.9 + 3.5; 
(1.8 + 0.6/) —(.7 + J) 


Ch.Z /)(.1 0.4)) 
(0.1 0.4;) (0.1 + 0.4)) 


0.48) O.17 + 0.4 0.52 + 0.38) 
0.01 + 0.16 0.17 


1j) zu, (approximately) 


Thus the derivative dz/dw evaluated at a is approximately 
twice the value of the dependent variable, w, at point a. 


Sum of angles 


Product of 
magnitudes 


Fig. 7—-Multiplication of two complex numbers in polar form. 
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In symbols, dz/dw — 2w. The result would have been the 
same if points a and a, had been used instead of points 
a and a,. In real number calculus, if y = x, then dy/dx 

2x. Thus it appears that the differentiation formulas 
of functions of real numbers apply to functions of com- 
plex numbers as well. In general they do, but there are 





Fig. 8 Taking the square root of a complex number results 
in two complex numbers 180 deg apart. 


big. 9 Plot of simple funetion where x and y are 


both real numbers, 
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numerous exceptions. The differentiation formulas of 


trigonometric functions (sin x, tan x, etc.) and integer 
power functions (x*, x *, etc.) apply to complex numbers 
except at singular points. 

If the derivative is thought of as a complex number in 
polar form, it can be visualized rather easily. If z is a 
function of w, the magnitude of the derivative, dz/dw, is 
the ratio of a change in z to the corresponding change in 
w on the w plane and the angle of the derivative is the 
angle between the plot of the change in w on the w plane 
and the plot of the change in z on the z plane if the two 
planes were superimposed. This effect can be seen in 
Fig. 10 by comparing a a,,a — a, anda, a, in the 
z and w-plane cases. 

“Analytic functions” are essentially well-behaved func- 
tions. They have no discontinuities or singularities at any 
point,” and the derivative of the function exists at every 
point. By “the derivative exists” is meant that the deriva- 
tive is a finite complex number and is the same value no 


*Within limits to be defined later 


w plone 


| 2 pione 


big. 10--Plot of function w? where z and w are complex 


numbers 
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matter what small change is assumed in the dependent 
variable while calculating the derivative. 

A function may be analytic over most of the plane of 
the independent variable (part of a plane is sometimes 
called a region) and non-analytic at a few small regions 
Most complex functions of interest in servo design are of 
this type. As an example and review of terms: the func- 
: 7j)* has a zero at w= 0, a pole of 

|. 7j, and is analytic over the entire 
w plane except at u 0 + 7). 

Integration of Complex Functions. The integral 
of a complex function, say z f (w), is the sum obtained 
by multiplying the function (z) by small changes in the 


tion z w/(u 
second order at w 


independent variable (w) over a chosen path between 


two limits (say, w= w, and u w,). In symbol form 


such an integral is written: 


z dw 
u a 


Ordinarily a complex integral is broken up into a sum of 
two or more integrals such that w does not change angle 
during the integration, so as to simplify the calculations. 
For example, to evaluate 


Z dw 
* we=0 
a path is chosen as shown in Fig. 13. (In the case of 
analytic functions it can be shown that the value of the 


integral is independent of the path of integration.) Along 
this path: 


We 2b 
zdw 4 zdw 


« . 
Wa u 


(path M) 


(path N) 


For path “M”, w and z are real numbers. Using the nota- 
tion that u u-+ jv, for path “M”, z w u* and 
the integral for path “M” becomes: 


Wa u 


In the case of path “N’, w= | 
0 to 1 so that the integral for path 


jv and v varies from 
“N” becomes: 


1 1 


(I t yd (yr) ; Cl 


“v=0 


Adding the two path integrals gives the integral 1, ] 
|. 24 7 24 +. 247. Notice that since j is a constant 
number, complex integration requires no more techniques 


than real integration for the case of analytic functions. 
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Fig. 11—-Three-dimensional plot of the function z 


In the case of analytic functions the integral around any 
closed path (complete loop) is zero. 

Residues. In the case of a function that is analytic 
except at a pole, the integral around a closed path that 
goes around the pole in a counterclockwise direction is 
not zero. It has a value of 27jR where R is a number 
called the “residue” of the pole. 

If the path of integration encircles several poles, the 
integral has a value of 27j times the sum of the residues 
of the poles. The residue can be thought of as a measure 
of the abruptness of a pole. 

To find the residue of a pole of order m of a function 
f (w) of a complex number, (w), where the pole exists at 
a value of w = w», 

A. Write a new function of w called z where 


(w w)™ f Cw) 
(m 1)! 


B. The residue, R, is the value of the (m — 1)st 
derivative of z with respect to w at the point 


w > Wy. 


As an example, 


f Cw) 
ue (we 3) 
has a pole of first order at u 
order at w = 0. 
1-3, can be found as follows: 


(w 3)! we 
(1 1) ! w? (ow 


B. R ~) =8) dw® 
=3 


The residue at the second order pole, u 0, can be 


found similarly: 


*(m-—1)! is read ‘“*(m ) factorial” and means (m-—-1)X(m 


1 
down to the o e term, For example 4! ‘ 
5K4xX3X%2X1 720 


example: 6! 6x5 
Zero factorial equals one 
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3 anda pole of second 


The residue at the first order pole, w 


Fig. 12—Plot of z f(w) with a singularity at the point in 
the w plane where z becomes infinite. 


d ( w 
dw\u 
10 
(w 3)? . |. 9 


0 wh) 


R woo) 


Notice that in the case of the simple pole, z is directly 
evaluated to determine the residue. 

Residue evaluation and pole location are key elements 
in servo design techniques as will be seen in following 


articles in this series. 


The 


Fig. 13 
the sum of two integrals. 


Evaluating a complex integral by breaking it up into 
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Overcurrent Protection of 
Semiconductor Rectifiers 


Satisfactory operation of rectifier circuits and equipment depends heavily 


upon an ample system to protect the rectifier cells and circuits against 


overcurrent conditions. 


Fk. W. GUTZWILLER, Application Engineer 
Semiconductor Products Dept. 

GeNERAL Evectric Co, 

Syracuse, N. Y. 


THE FUNCTIONS of a rectifier overcurrent 
system are any or all of the following (1)*: 


protective 


1. To limit the duration of overloads and the fre- 
quency of application of overloads. 

2. To limit the duration and magnitude of d-c short 
circuits, 

3. To limit the duration and magnitude of fault cur- 
rents due to shorted cells. 

The objective of these functions is to safeguard not 
only the rectifier cells but also the associated electrical 
devices and buswork in the rectifier equipment from ex- 
cessive heating and magnetic stresses. The trend toward 
high-capacity systems feeding rectifier equipments often 
results in extremely high available fault currents. Since 
both heating and magnetic stresses in linear circuit ele- 
ments respond to the square of the current, the impor- 
tance of adequate protection in “stiff” systems is self- 
evident. 

In reference to function 3 above, it should be noted 
that germanium and silicon rectifiers almost always fail 
by shorting rather than by opening. In all power recti- 
fier circuits except the simple half-wave circuit, such a 
cell fault results in a direct short from line to line through 
the forward resistance of the good cells in adjacent 
circuit legs during at least part of the cycle (see Fig 1). 
Under these circumstances, a protective system functions 
either to shut the entire supply down, or to isolate the 
shorted cell in order to permit continuity of operation. 

It is difficult to make broad recommendations for pro- 
tection since the concept of satisfactory operation 
means different levels of reliability in different applica- 


*Italic numerals in parentheses refer to Cited References at end of article. 
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tions. The selection of a protective system should be 
based on such individual factors as: 

1. The degree of system reliability expected. 

2. The need or lack of need for continuity of opera- 
tion when a rectifier cell fails. 

3. Whether or not good rectifier cells are expendable. 

4. The possibility of d-c bus faults. 

. The magnitude and rate of rise of available fault 
current, 

As the investment in rectifier cells increases for a 
specific piece of equipment, or as an increasing number 
of parallel cells in a circuit increases the possibility of a 
single cell failure, or as continuity of operation becomes 
more essential, more elaborate protective systems are 
justified. On the other hand, in a low-cost circuit where 
continuity of operation is not absolutely essential, the 
rectifiers may be considered expendable and a branch 
circuit fuse in the a-c line may be all that is needed, or 
justified, for isolation of the circuits on faults. 

It is. therefore, more reasonable that the circuit de- 
signer rather than the rectifier component manufacturer 
decide precisely what level of protection is required for 
a specific circuit. This discussion is prepared to assist 
the circuit designer in determining and meeting his 
requirements, 


Overcurrent Protective Elements 


The main protective elements can be divided into two 
general classes, one consisting of devices which protect 
by interrupting or preventing current flow, the other, of 
elements which limit the magnitude or rate of rise of 
current flow by virtue of their impedance. 

Referring to Fig. 2. among the elements in the first 
class are: 

1. The a-c circuit breaker or fuse which disconnects 
the entire rectifier circuit from the supply. 

2. The cell fuse or breaker which isolates faulted cells. 

3. D-C breakers or fuses which isolate load faults 
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Source 
impedance 


A-C circuit breaker 


or fuse 
wie Cell fuses 
or circuit 


nage 


Transformer 
impedance 


oe 


Fig. 1—Arrows indicate flow of fault cur- 
rent through good cell after adjacent leg 
has shorted. Load resistance does not 
limit current. 


Fig. 2—Power supply illustrating major 


types of protective elements. we 


from the rectifier or a faulted rectifier from d-c feedback 
from the load or from parallel rectifier equipments. 

|. Current-limiting fuses. 

Among the elements of the second class which limit 
magnitude or rate-of-rise of current are: 


Source impedance. 


i 
2. Transformer impedance. 


3. Inductance and resistance of the d-c circuit. 

Throughout this discussion it is well to bear in mind 
that circuit-interrupting devices that are tripped by 
magnetic circuits, such as solenoids in fast-acting break- 
ers, react to the average value of the current flowing 
through them. On the other hand, interrupting devices 
tripped by thermal means, such as fuses or breakers 
with thermal overloads, react to the rms value of the 
current. The semiconductor rectifier itself reacts es- 
sentially to heating, but since it is a non-linear resist- 
ance, the heating is proportional to a current value 
somewhere between the rms and average value. The 
considerable difference that may occur between these 
respective values of current is of particular importance 
in coordinating protective elements with one another 
and with the rectifier cells. 


Coordination of Protective Elements 


Depending upon the degree of protection desired, 
rectifier circuits may include one or more of the vari- 
ous interrupting devices listed above. Functioning of 
these devices must be coordinated with the rectifiers and 
with each other so that the overall protection objectives 
are met. Fuses or breakers must interrupt fault currents 
before rectifiers are destroyed. In isolating defective 
rectifier cells from the rest of the equipment, only the 
fuse in series with a defective cell should open. Other 
fuses in the circuit should remain unaffected. On the 
other hand, when a d-c load fault occurs. main break- 
ers or fuses should function before any of the cell-isolat- 
ing fuses melt. This fault-discriminating action is often 


APRIL 1959 


D-C breaker or fuse 


D-C bus reactance 


To parallel rectifier 


referred to as selectivity. In addition, the voltage surges 
developed across rectifier cells during the operation of 
protective devices should not exceed the transient piv 
rating of the rectifier cells. More complex protective 
systems require meeting additional coordinating criteria. 
The examples of protection systems and their associated 
coordinating charts shown later in’ this discussion 
illustrate some of the basic principles of coordination. 

Types of Faults. Magnitudes and waveshapes of 
fault currents vary with the circuit configuration, the 
type of fault, and the size and location of circuit im- 
pedances. Fault currents can generally be determined 
by analytical means. (7, 2, 3) Following are some 
fundamental principles: 

1. Fault currents that flow due to a d-e short circuit 
in a single-phase circuit can be determined just as if the 
normal load impedance were reduced to a new lowe 
value. The current will build up at a rate determined by 
the inductance and resistance in the circuit. 

2. If the d-c impedance under load short-circuit con- 
ditions in a three-phase system is large compared to the 
transformer and source impedance, the fault currents 
will be similar to normal load currents, flowing for 
approximately 120 electrical degrees in each rectifier 
leg. However, if the d-c fault impedance is low or 
negligible compared to the supply impedance, each phase 
will act as a simple single-phase circuit with 180-deg 
current conduction in each rectifier leg. 

3. Sudden faults set up a transient condition, the mag- 
nitude and duration of which depend upon the time of 
the cycle at which the fault occurs and upon the ratio 
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Surge rating applies to unit 
ce// operating af maximum 
junction ternperoture (65 C) 
for any rated combination of 
vo/tage, current and ambient 


Vig. 3. Maximum allowable surge current rating for IN90 series 
and 4JA211 stack series all-welded junction rectifiers. 


of reactance to resistance (X/R) in the circuit. When 
the Y/R ratio is very large, transient action causes the 
fault-current peaks to rise to almost twice the steady- 
state value. This transient action increases the short- 
circuit current duty on the rectifier. 

1. Fault currents due to cell failure in single-way 
circuits can be augmented by the flow of current from 
other rectifiers feeding the same load and from counter- 
emf loads such as capacitors, batteries and motors. This 
cannot occur in double-way (bridge) circuits unless cells 
connected to both the positive and negative d-c busses 
fail simultaneously. 

5. Practical circuits always have some inductance in 
their sources. As long as inductance is in the circuit, 
fault currents cannot rise instantaneously and, therefore, 
a finite but short time is usually available to interrupt 
fault currents before they reach destructive values. 

To provide a simplified approach to the protection 
problem, faults may be divided into two main classifica- 
tions, the second classification including two variations: 

1. Cireuits with current-limiting impedance. 

2. Circuits without current-limiting impedance. 

a. Service interrupted upon cell failure. 
b. Service not interrupted upon cell failure. 

Circuits with Current-Limiting Impedance. . ‘This 
type of circuit is defined as having sufficient impedance 
to limit the worst fault current through the rectifier cells 
to a value less than the rectifier surge rating at three 
cycles. This condition usually permits use of conven- 
tional circuit-interrupting devices such as circuit break- 
ers and power fuses. By placing this type of device in 
the a-c lines supplying the rectifier, the protective device 
can be designed to isolate the circuit from the a-c supply 
whenever the line current exceeds a value which ap 
proaches the maximum rating of the rectifier cells. By 
this means, breakers or fuses can be used to protect 
against d-c short circuits, overloads and shorted recti- 
protective device, the 


fier cells, provided that the 
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Fig. 4—Coordination chart for protection of circuit with cur- 
rent-limiting impedance. 


Example of Fault-Protection Coordination with Current- 
Limiting Impedance 


117-volt a-c supply, 60 cps 

Single-phase bridge using 
manium stack 

Load = 90 ohms, resistive (R) 

Series line resistance 20 ohms (r) 

Maximum ambient temperature 0 C 


Application: 
4JAZIIBBIAC2  ger- 


Design protection capable of protecting rectifiers 
in event of load short circuit and cell failure. 


Requirement: 


Solution: Continuous-duty a-c line current 


117 volts 


1.05 amp rms 
20 + 90 ohms 


Protective device must handle this current con 
tinuously without functioning. 
On d-c short circuit, a-c line current - 


117 volts © of 
2.00 amp rms 
20 ohms 


Upon a cell failure in a single-phase bridge with 
resistive load, it can be shown that a-c line 
current 


wa 
V2r(R + nr) 


In this case, 


( 117 ; 
) V 8100 
V2x< 20x 110 


1.2 amp rms 


V RP + 2r(R + 1) 


10 (110) 
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Fig. 5— Limiting action of current-limiting fuse. 


circuit design, and the rectifiers are all properly 
coordinated. 

The basic tool for coordinating the rectifier cell with 
the interrupting devices is the rectifier surge character- 
istic. For example, Fig. 3 illustrates the surge char- 
acteristic of the 4JA211 low-current germanium cell be- 
tween | and 60 cycles of a 60-cps sine wave. The surge 
characteristic is expressed as the peak value of a half- 
sine wave of current vs the number of cycles over which 
the cell can handle this surge, concurrent with its maxi- 
mum continuous voltage, current and junction-tempera- 
ture ratings. Beyond 60 curve 
approaches the continuous rating of the rectifier cell. 

In circuits that do not impose a half-sine wave of fault 
current on the rectifier cells, the surge curve must be 


cycles, the surge 


converted into current values that represent the parti- 
cular waveshape encountered. The device surge curve 
may be converted to different waveshapes or a different 
frequency in an approximate, yet conservative, manner 
for this time range by maintaining equivalent rms values 
of current for a specific time interval. For example, for 
3 cycles the peak half-sine wave current rating for the 
1JA211 cell is 21 amp as indicated in Fig. 3. For a 
half-sine waveshape, the rms value of current over the 
complete cycle is one-half the peak value, or 10.5 amp. 
To convert this to average cell current in a three-phase 
bridge feeding an inductive load (120 deg conduction), 
divide this rms value by 1.73 (10.5/1.73 = 6.1 amp). 
To determine the total load current on three-phase duty 
for this example, multiply the average cell current by 
3 (6.1 < 3= 18.3 amp). 

For the protective device, an AGC2 two-amp fuse will 
handle the 1.5-amp continuous current. Figure 4 has 
been constructed in order to check coordination. The 
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‘current-time characteristic of the AGC2 fuse has been 


plotted in this figure along with the equivalent rms cur- 
rent rating of two 4JA211 B cells in parallel. The fuse- 
melting current values are taken directly from the fuse 
manufacturer’s curves. Where fusing is critical, the 
manufacturer’s melting-time tolerances should also be 
included. In this particular case, the fuse manufacturer 
specifies a tolerance of + 5 per cent of the time in- 
dicated on the fuse curves. This yields the spread in- 
dicated in Fig. 4. 

The points on the rectifier curve are converted rms 
current values from the cell surge curve of Fig. 3. For 
example, at 0.1 sec (6 cycles) the rating of a 4JA211 
cell is 17 amp peak of a half-sine wave. With two 
matched cells in parallel per leg, each leg will handle 
34 amp peak for 0.1 sec (17 & 2). For this circuit, this 
value of peak current is converted to total rms line cur- 
rent by multiplying by 0.707 (34 * 0.707 = 24 amp, 
rms). 

The calculated values of available d-c short circuit and 
cell fault current are indicated. Since the fuse char- 
acteristic is to the left of the rectifier characteristic for 
all time intervals, satisfactory protection is assured. 

Circuits without Current-Limiting Impedance. 
The foregoing discussion defined the protection approach 
when fault currents are limited by impedance to values 
within the rectifier ratings up to the time when conven- 
tional interrupting devices can react and interrupt the 
circuit. However, circuits requiring good voltage regu- 
lation or high efficiency usually will not tolerate values 
of series impedance which are high enough to limit 
fault currents to such low values. When a fault occurs 
in a circuit without current-limiting impedance, current 
will develop in a shape similar to the dashed line in 
Fig. 5. If the peak available current substantially exceeds 
the one-cycle rectifier rating, the rectifier cells will be 
destroyed in less than one cycle. Conventional circuit 
breakers and fuses will not function quickly enough 
to interrupt the fault current before it reaches this first 
peak. However, so-called “current-limiting” fuses which 
melt extremely fast at high levels of current are useful. 

The action of a typical current-limiting fuse is indi- 
cated in Fig. 5. Melting of the fuse occurs at point A. 
Depending on the fuse design and the circuit, the cur- 
rent may continue to rise somewhat further to point B, 
the peak let-through current. Beyond this point the im- 
pedence of the arcing fuse forces the fault current down 
to zero at some point, C. A satisfactory current-limiting 
fuse will have an arcing time approximately equal to the 
melting time. If the fuse interrupts fault current too 
quickly, the high rate of change of current (di/dt) will 
induce levels of transient voltage in the circuit  in- 
ductances that can destroy rectifier cells. For this same 
reason, it is not wise to use any higher-voltage fuse- 
rating than is required by the supply voltage. Voltage 
rating of a fuse in excess of the circuit voltage can lead to 
unnecessarily abrupt arc-quenching with resultant de- 
structive voltage transients. However, the interrupting 
rating of the fuse should be ample for the maximum 
available current to be expected. 

Since the buildup of fault current is so rapid and 
since the current amplitude is so high in a circuit with 
low impedance, additional phases and circuit legs usually 
help very little in increasing the fault-current capacity 
of a rectifier circuit because permanent damage may be 
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urrent , amperes 


Fig. 6—Form 101 Amp-Trap characteristic curves, melting time 
vs current, 1 to 30 amp cartridge size, 250 volt—type 1. (Chase- 
Shawmut Co.) 


done before commutation to another leg can occur, kor 
conservative design, all fault current should be con- 
sidered to flow through only one leg. dividing only be- 
tween any parallel cells in that particular Jeg. 

Both current-limiting fuses (4, 5) and semiconductor 
rectifiers (6,°7) exhibit ability to withstand essentially 
constant fi'dt below one cycle (i 
rent, ¢ 


instantaneous cur- 
time). This fortunate circumstance provides a 
simple tool for coordinating current-limiting fuses and 
rectifiers in this difficult-to-define area below one cycle. 
The necessity of calculating fault currents in this region 
for coordination purposes is thereby largely eliminated. 
If the interrupting or clearing /°t rating of a fuse (see 
Fig. 5) is lower than the /*¢ rating of the rectifier cell 
in series with it, the fuse will interrupt fault current 
before the rectifier fails regardless of current magnitude 
or rate of rise in the sub-cycle region. 

Fuse manufacturers do not usually publish /*¢ ratings 
as such for their current-limiting fuses. However, the 
rating can be approximated from the melting time-cur- 
rent characteristic of the fuse. Figure 6 illustrates the 
characteristics of one line of current-limiting fuses. The 
melting /°¢ value of the 30-amp fuse can be approximated 
hy squaring the current value and multiplying it by the 
time (for example, 90° x 0.01 sec 81 amp*-sec). 
If the fuse coordination is critical in a particular appli- 
cation, the manufacturing tolerance should be factored 
into the current or time values used to determine melting 
/*t value. 

The arcing /*t value of satisfactory current-limiting 
fuses will not exceed twice the melting /°¢ value, and 
total clearing value will therefore not exceed three 
times the melting /*t. In the above example, maximum 
clearing /*°t value will not exceed 3 « 8 
see for the 30-amp Form LOL Amp-Trap fuse. 

The minimum /*¢ rating of the rectifier cell is specified 


243 amp’- 
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Fig. 7-—Coordination chart for protection of circuit without cur- 
rent-limiting impedance. 


Example of Fault Protection without Current-Limiting 
impedance — Interrupted Service upon Cell Failure 
Application: 230-volt a-c supply, 60 cps 
Single-phase bridge using 4JA3011BB2AE1  ger- 
manium stack 
Load current 10 amp resistive 
Line impedance negligible. Peak available cur 
rent approximately 1000 amp. 
Maximum ambient 45 C; 500 fpm cooling air 
velocity on stack. 


Requirement: Protective system capable of protecting rectifiers 
against overloads, d-c shorts, and faults of in- 
dividual rectifier cells. System can be shut 


down when any of these faults occurs. 


Solution: Continuous d-c output rating of stack 45 C, 500 
fpm air 


bulletin). 


19.2 amp (from rectifier specification 


by the manufacturer. Depending on the cell design, it 
may vary with initial junction temperature and may 
depend on whether or not inverse voltage is impressed 
on the cell following the current surge. Approximate /°1 
ratings for a cell can be determined by converting the 
one-cycle (actually one-half cycle) surge rating to rms 
amperes and multiplying by the time of one-half cycle 
(0.0083 sec). 
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When a current-limiting fuse in the primary of a 
transformer must be coordinated with a rectifier in the 
secondary, their respective /*t ratings can be compared 
by the following equation: 


\ 8 
Pliuse S ( 7") X rect 
b pri 


where V,.. and V,,; are the rated secondary and _pri- 
mary voltages of the transformer. 

In a similar manner, the clearing /*t value of a fuse 
being fed by a group of n parallel rectifier cells should 
be no greater than n? times the /°¢ rating of the individual 
rectifier cells if all the rectifier cells share current 
equally. If the rectifier cells are derated for parallel 
operation to compensate for inequalities in current shar- 
ing, the relationship between clearing /*¢ value of the 
fuse and the /*¢ rating of the individual rectifier cell can 
be expressed as follows (7): 

4, <= Pt,[nd s) 


where 


I°ty = clearing /*t value of fuse 
It, = It rating of rectifier 
s = derating factor for parallel cell operation 
(usually 0.10 to 0.20) 


Interrupted vs Non-interrupted 
Service Upon Cell Failure 

The majority of rectifier applications can tolerate a 
temporary loss of d-c output from the power supply if a 
rectifier cell should fail. However, where service interrup- 
tions cannot be tolerated, additional parallel cells must 
be used and means must be provided for isolating faulted 
cells from the circuit. 

Interrupted Service Upon Cell Failure. By insert- 
ing the protective device in the a-c lines feeding the 
rectifiers, protection can be provided against both d-c 
faults and rectifier cell faults if there is no possibility of 
d-c feed into rectifier cell faults. Such faults will occur 
in single-way circuits when other power sources feed the 
same d-c bus or when the load consists of motors, capaci- 
tors, or batteries. An example of this type of a-c line 
protection in a circuit without current-limiting im- 
pedance is shown in Fig. 7. 

Since all currents are expressed in rms terms on the 
coordination curves of Fig. 7, the d-c output rating of 
the stack (average amperes) must be converted to rms 
amperes by multiplying by 1.1. Continuous rms output 
current rating of stack = 19.2 & 1.1 = 21 amp rms. 

Between 1 and 60 cycles, the stack rating can be de- 
termined from the cell surge curve, Fig. 8, which is ex- 
pressed in peak amperes of a half-sine wave. To convert 
to rms amperes in a full-wave circuit, multiply by 0.707. 
For example, at 1 cycle, the rms stack rating is 120 
amp X< 0.707 = 84 amp. 

Below 1 cycle, the rectifier stack rating is determined 
from the forward /*t rating of the individual cells. For 
the 4JA3011B cell, the /*t rating is 100 amp?-sec if 
inverse voltage is removed immediately following the 
flow of fault current. This is the case when the line is 
fused. Therefore, the current rating of the cell at any 
time less than 1 cycle can be determined by dividing the 
/*t rating by the time interval in seconds and extracting 
the square root. For example, for 0.001 sec, the rms 
current rating of the 4JA3011 cell is /100/0.001 =316 amp. 
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Peak surge current, amp, half sine wave 











Cycles of 60 cps sine wove 


Fig. 8--Maximum allowable surge current at maximum rated 
load conditions for 4JA3011B and 4JA3011€ rectifiers. 
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Fig. 9 —A-C circuit breaker trip time vs per cent load. (Heine- 
mann Electric Co.) 


A discontinuity may occur on the coordination curve 
between the part determined from the surge rating of the 
rectifier cell and the part determined from the /*t rating. 
It is conservative to join these two characteristics with a 
constant-current line as shown in Fig. 7. 

To afford protection on short circuits and cell failure 
in this type of circuit, a current-limiting fuse is required. 
It must carry the rms line current without melting. With 
a 10-amp load, the rms line current is 10 * 1.1 = 11 

An Amp-Trap A25X15 Form 101 current- 
limiting fuse rated at 15 amp continuous current should 


handle the normal line current satisfactorily. Melting 


amp rms. 


lll 





characteristics for this fuse are shown in Fig. 6 and are 
in turn plotted directly on the coordination chart, Fig. 7, 
since values are already in rms terms. The fuse-melting 
characteristic below 0.01 sec can be determined on the 
basis of constant /*t as described earlier. The maximum 
fuse melting /*t value is (46 amp + 
ance)*  O.OL1 sec 


5 per cent toler- 
23.3 amp*-sec. Melting currents 
for time intervals less than 0.01 sec can be approximated 
hy dividing the /*t rating by the time in seconds and 
extracting the square root similar to the method for de- 
termining the cell rating for this time interval. For 
example, at 0.001 sec, the maximum melting current will 
be \/ 23.3/0.001 152 amp rms. To determine the clear- 
ing time-current characteristic of the fuse in this region, 
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Fig. 10-—Three-phase bridge circuit offering non-interrupted 
service upon cell failure. 
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Fig. 11—-Fault-current path for a cell short occurring within 
dashed lines of Fig. 10, Fuse (1) must interrupt fault current 
completely before any fuse (2) reaches its melting point. To 
accomplish this, at least three parallel paths should be provided 
in each leg. 


Example of Coordination of Fault Protection with Some 
Limiting of D-C Bus Faults — Non-interrupted Service 
upon Cell Failure 


Application: —250-volt d-c supply from 60 cps, 3-phase step-down 
transformer 

3-phase bridge circuit 

Load current = 400 amp continuous 

Rectifier consists of six parallel paths of two 
1JAGO1IC cells in series per leg. Cells have 
special high surge rating. Two cells in series 
used to furnish transient piv rating of 800 
volts, sufficient to withstand recovery voltage of 
fuses. 

Maximum ambient 55 C; free convection cool 
ing of rectifier cells. 


Maximum d-c bus fault 4000 amp 


Requirement: System capable of protecting rectifiers against 
overloads, d-c shorts, and faults of individual 
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the time for any melting current is multiplied by three. 
The coordination chart shows a fuse-interrupting charac- 
teristic based on this approach and made very conserva- 
tive by extending the straight line of the interrupting 
characteristic all the way to its intersection with the 
published fuse characteristic at a time substantially 
greater than 0.01 sec. 

From the coordination curve, it can be seen that the 
current-limiting fuses in the line will protect the rectifiers 
for any type of fault of sufficient magnitude to blow the 
fuses in 0.1 sec or less since the fuse rating is to the left 
of the cell rating. Fuses are used in each side of the line 
to provide greater reliability of the fuse system. 

The curves also indicate that, for times longer than 


rectifier cells. Fusing must isolate faulty ree- 
tifier cells without interrupting service. D-C 
breaker protects against d-c shorts. 


Solution: Continuous three-phase output rating of 4JA6011C 
cell at 55 C free convection 44 amp (from specification bul- 
letin). Derating 10 per cent for parallel operation, the average 
output current per leg is 44 110 per cent * 5 paths 200 
amp, assuming that one of the six parallel paths may be out 
of the circuit. Total continuous output rating of rectifiers 200 
3 phases 600 amp. Special /*¢ rating of 4JA6011C cel! 
6000 amp*-sec. As shown in Fig. 11 depicting a cell failure in 
phase 1, Fuse 1 must clear before any cells or fuses in phase 
2 fail. The clearing /*t value of Fuse 1 must be less than the /°t 
rating of cells in phase 2 and the melting [°t value of fuses 
in phase 2 after correction has been made for the split of 
fault current into parallel paths in phase 2. The equation 
given for co-ordinating parallel cells with a single fuse is very 
useful here: 
Pt, = Pt, X (nq(’ — S) + SP 
where: 
It, = clearing J*t value of fuse 
It, = It rating of rectifier cell or melting /°t value of fuse 
in good legs 
n = minimum number of parallel paths 
S = derating factor for parallel operation (0.1 for matched 
1JA6011 cells) 
Accordingly, the total clearing I’t value of the fuse to be 
selected must be less than the following value: 
It, 6000 & [5 0 0.1) + 0.1) 
= 126,960 amp*-sec 


The melting [’t value of the fuse should be less than one 
third of the maximum allowable clearing value, /*t 14, 
126,960 12,320 amp*-sec. The minimum continuous rms 
ampere rating of the fuse must be 400 amp + 15 cells 1.73 
ee 51 amp. The factor 1.1 accounts for inequalities in 
current sharing between parallel rectifier cells. 

On the basis of the continuous current rating and the maxi- 
mum melting /*t of the fuse, a Ceneral Electric GF6A60 fuse 
is selected for this example. 

Checking the melting /*t value of this fuse, the maximum 
melting current at 0.01 sec is 1400 amp plus 10 per cent toler- 
ance 1540 amp. The maximum melting /*¢ value is (1540)° 

0.01 sec 23,600 amp*-sec, well below the maximum allow- 
able value of 42,320 amp*-sec determined above. Thus, the re 
quirement for satisfactory isolation of shorted rectifier cells is 
met, 

For d-c short-circuit protection, a circuit breaker is required 
that will disconnect the load before fuses melt or rectifiers fail. 
In order to co-ordinate fuses and rectifiers with the d-c breaker, 
a protection coordination graph is drawn as shown with the 
current axis dimensioned in average d-c bus amperes. 

The rectifier rating curve is developed from intermittent rating 
information and the surge curve on the device. For instance, the 
l-min power rating starting from ambient is developed as follows: 
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U.1 sec, the rectifier cells are likely to fail before the 
fuses blow. In order to provide protection for the rectifiers 
for these lower current faults, a circuit breaker is used. 
The coordination chart shows the tripping characteristic 
of a Heinemann 13-amp molded-case circuit breaker using 
the Type 3X time-delay characteristic shown in Fig. 9. 
Since magnetic tripping devices react to average current 
values, the values on this curve are multiplied by 1.1 
before transcribing to the rms coordination curve. 

The coordination curve reveals that the circuit breaker 
will trip on any faults under 48 amp rms, but above 18 
amp rms. Between 48 and 90 amp, the fuses will 
blow and the breaker also may trip. Above 90 amp, only 
the fuses should blow. 


aa oa 
Ry + Rp! ~¢ (~Mnas/T. C.) 


Px _ 


where 


Ty = maximum allowable junction temperature in deg C 
T4 = maximum ambient temperature in deg C 

lino = Maximum time “on” in minutes 
T. C. = thermal time constant in minutes 

Ry, = thermal resistance between junction and fin (deg C 

per watt) 

R, thermal resistance between fin and ambient (deg C 

per watt) 
200 
L.3¢+.Lr™ " 

Forward current at 116 watts 82 amp (from power dis- 
sipation curves). Derating for parallel current sharing in- 
equalities, average forward current cell rating = 82 + 1.1 
74.5 amp. 

Total d-c current rating for 1 minute is 74.5 amp x 15 cells 
= 1120 amp. 

For overload characteristics starting with junction tempera- 
tures already stabilized above ambient due to a_ previously 
imposed continuous load, the overload rating can be calculated 
through use of the following equation: 


eS teat 
Ry; + Re 


Prax 116 watts 


Rr P£ (—tmas /T. C./ 


Puss tan . T« 
R,* max ° 


where 
P; = junction heating before overload (watts) 


To harm rectifiers in less than 1 sec, currents must be es- 
sentially due to a short-circuited d-c bus. Under these con- 
ditions, current conduction in each leg of a three-phase bridge 
rectifier circuit occurs for 180 electrical degrees, and the total 
d-c output current rating for a given time interval under 1 sec 
for a three-phase bridge is: 

Ig-6 = peak surge rating X 3 X minimum number of parallel 

cells per leg/m 

At 1 cycle, the sine-wave peak current rating for the special 
4JA6011C cell is 1200 amp. Derated 10 per cent for parallel 
operation, 

Tag = (1200/11) X 3 X 5 ~ 5900 amp 

Other points below 1 sec are calculated in similar manner. 

The fuse-rating curve on the coordination chart is derived 
from the melting characteristic of the fuse, translated into 
average d-c bus current and corrected for parallel mismatch and 
fuse tolerances. For example, at 10 sec the rms current rating 
of the GE GF6A60 fuse is 210 amp. Derated 10 per cent to 
correct for tolerances and inequalities in parallel current-sharing, 
a single fuse might melt at as low as 189 amp. To obtain the 
total d-c fuse rating at 10 sec, this current is multiplied by 
the number of legs and parallel cells and converted to average 
d-c current values for 120-deg conduction (189 «% 3 & 5 
1.73 = 1640 amp). 
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Non-interrupted Service Upon Cell Failure. When 
service interruptions due to rectifier cell failure cannot 


be tolerated in applications such as electrochemical d-c 


supplies, a circuit of the type shown in Fig. 10 may be 
used. This type of circuit may also be necessary if ade- 
quate line fusing for cell failure cannot be designed for 
circuits of the type in the previous example because of 
fuse limitations. 

In this scheme, rectifier cells or groups of cells are 
individually fused, thus providing several parallel paths 
in each leg of the circuit. Rectifier cells are matched for 
parallel operation and the fuses should have uniform 
resistance to assist current-sharing between the parallel 


paths. If a cell (in this case two series cells) shorts, 
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chart for protection of three-phase 


without current-limiting impedance 


Fig. lla Coordination 
bridge circuit (Fig. 10) 
(non-interrupted service). 


In terms of the coordination curve, the breaker trip charac 
teristic must lie to the left of the fuse and rectifier curves at any 
current level to be expected in service. The breaker used in 
this example meets this criterion (GE EC-2-1A). Its 500-amp 
trip coil with instantaneous trip characteristic set for 24% times 
rating provides short-circuit protection down to 0.03 sec. For 
shorter times, the current is limited to 4000 amp by circuit im 
pedance as specified in the application. This current Jevel is 


well under fuse and rectifier capabilities. (See Fig. lla above.) 
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Fig. 11, the fuse in series blows, thus isolating the faulty 
cells from the circuit and permitting the circuit to 
operate un-interrupted. 

Proper functioning of this type of protection requires 
meeting a number of criteria: 

1. No fuses should blow on d-c faults. Separate pro- 
tection in the a-c or d-c lines should interrupt the circuit 

2. Adequate rectifier and fuse rating should be pro- 
vided to handle the maximum load current with one of the 
parallel paths removed from the circuit by operation of 
il cell fuse. 

3. The fuse in series with the shorted cells must inter- 
rupt fault current before any other fuses feeding the fault 
melt. Specifically, the clearing /*t value of fuse J in Fig. 
11 must be less than n* times the melting I°t value of each 
fuse feeding the fault. The minimum number of parallel 
fuse paths, n, is 5 in Fig. 11. For most circuits, this 
requirement will necessitate a minimum of three parallel 
paths in any rectifier leg. 

1. In interrupting fault current, the fuse must cut off 
the current at a slow enough rate so that induced voltage 
(L, di/dt) does not exceed the transient voltage rating 
of the cells in parallel with the fuse (1 
fault current loop). 


inductance in 


Summary 


The accompanying chart summarizes the various com- 
mon protective schemes and the types of fault against 
which they can be designed to protect the rectifier cells. 


Many more combination schemes are possible, each pro- 
viding its own unique advantages and disadvantages. 
However, the protective systems listed. should satisfy the 
requirements of the majority of rectifier power supplies. 

OOO 
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Chart Showing Ability of Available Protective Systems to Protect 


Rectifier Cells against Various Types of Faults 


D-C short 
with 
current- 
limiting 
impedance 


D-C 
Type of protection overload 
A-C breaker x X 


A-C breaker with fuses in parallel xX xX 
cell paths Conv. or c-l Conv. or c-l 


A-C fuses xX xX 
Conv. Conv 


D-C breaker xX xX 


D-C fuse xX xX 
Conv Conv 


Fuses in parallel cell paths 
D-C breaker with fuses in parallel x x 
cell paths Conv. or c-] Conv 


D-C fuse with fusing in parallel x x 
cell paths Conv Conv. 


D-C fuse and breaker with fuses x x 
in parallel cell paths Conv. or c-] Conv. or c-1 


conventional fuses, c-l fast-acting current-limiting fuses 


Type of fault 


Cell shorts, 
non-interrupted 
operation— 
no c-] 
impedance 
in source 


Cell shorts, 
interrupted 
operation— 
no c-l 
impedance 
in source 


Cell shorts, 
interrupted 
operation 
with c-l 
impedance 
in source 


D-C short 
without 
current- 
limiting 

impedance 


Xx 


xX xX 
D Conv. 


Xx 
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High-Temperature Characteristics 
of Thermosetting Laminates 


1 summary and an interpretation of the results of a NEMA-Johns Hopkins inves- 


tigation of electrical and mechanical grades of laminates carried through to 250 C, 


An Execrrican MANUFACTURING Staff Report 


prepared in cooperation with the Laminated Products Section, National Electrical Manufacturers Association, 


[HE DATA PRESENTED in this report are the result of 
a research project at The Johns Hopkins University 
sponsored by the Laminated Products Section of the 
National Electrical Manufacturers Association. The ob- 
jective of the project was to determine the effect of 
prolonged thermal exposure upon the mechanical and 
number of representative 
application at 


electrical properties of a 
NEMA 
temperatures. 

A preliminary report of this work was given in Con- 
ference Paper No. 57-141, “Thermal Stability of Lami- 
nated Thermosetting Plastics,’ by Dr. W. B. Kouwen- 
hoven, Kenneth Wechsler and G. G. Knickerbocker at 
the AIEE 1957 Winter General Meeting. The report 
published here presents the results of all tests made 
NEMA-Johns Hopkins High Temperature 
Program during the years 1955 to 1958 inclusive. 

The February 1954 and June 1957 revisions of the 
AIEE Standard Publication No. 1, “General Principles 
upon which Temperature Limits are Based in the Rat- 
Electrical basis for 
thermal classification of electrical 


grades for optimum elevated 


under the 


ing of Equipment,” change the 


insulating material 
from one based solely upon composition to one based 
primarily upon the operating life as determined by test 
(see Table I). Under this concept there will be a gradual 
change-over from the old system to the new as operat- 
ing temperature standards are adopted for electrical 
insulation systems and electrical insulating materials. 
The former classification was based upon years of ex- 
perience with various types of electrical insulating ma- 
terials. With the advent of many new types of electrical 
insulation with widely varying temperature character- 
istics, even with the same general composition, it appears 
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desirable to determine operating life for characteristics 
at various temperatures by actual test. It is intended 
to provide, within the confined temperature and time 
ranges chosen, engineering information of a screening 
nature which is comparative for the materials investi- 
gated. 

Temperatures used in the NEMA-Johns Hopkins test 
program were based upon the AIEE temperaiure classes 
as given in Table I of AIEE Publication Nu. 1 dated 
June 1957. Tests were made at the temperature levels 
originally specified by AIEE for Classes A, B and H, 
15 to 30 deg intervals above and below 
these temperatures, including altogether a range of 90 
to 250 C. 


and also at 


Materials 

The NEMA grades selected for these tests as represen- 
tative of the different fillers and resin binders used are 
listed in Table II]. In general, separate sets of specimens 
for each grade and property tested were prepared from 
three separate lots of material, each of which was sup- 
plied by a different laminated plastics manufacturer. 


Thickness of test specimens was 14 in. in all cases. 


Test Temperatures 

Test temperatures were selected up to 250 C, except 
for materials which failed below this temperature due 
to delamination, blistering, or disintegration of the 
resin binder. ‘These test temperatures are shown in 
Table III. It is not recommended that these data be extra- 
polated to predict effects at higher temperatures or for 
longer periods of time, 


Test Program 
A complete investigation of the effect of heat on all 





© Effect of time of exposure on (a) electric strength parallel to lamination, (b) electric strength 


Bar charts represent composite test values of various individual samples. 
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Grade XX (paper base, phenolic resin). Grade XXXP (paper base, phenolic resin, better 
electrically than Grade XX, good punching). 
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Fig. 5 Fig. 6 
Grade GPO-1 (glass-mat base, polyester resin) . Grade G-5 (glass-fabric base, melamine resin). 
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perpendicular to lamination, and (c) flexural strength for the laminates named, 
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Table I—AIEE Definitions of Insulating Materials* 


Class Definition 


90 C Materials or combinations of materials such as cot- 

(Class O) ton, silk and paper without impregnation. Other 
materials or combinations of materials may be in- 
cluded in this class if by experience or accepted tests 
they can be shown to be capable of operation at 90 C. 

Materials or combinations of materials such as 

cotton, silk and paper when suitably impregnated or 
coated or when immersed in a dielectric liquid such 
as oil. Other materials or combinations of materials 
may be included in this class if by experience or 
accepted tests they can be shown to be capable of 
operation at 105 C. 

130 C Materials or combinations of materials such as 

(Class B) mica, glass fiber, asbestos, etc., with suitable bonding 
substances. Other materials or combinations of ma- 
terials, not necessarily inorganic, may be included in 
this class if by experience or accepted tests they can 
be shown to be capable of operation at 130 C. 

Materials or combinations of materials such as 

mica, glass fiber, asbestos, etc., with suitable bonding 
substances. Other materials or combinations of ma- 
terials, not necessarily inorganic, may be included in 
this class if by experience or accepted tests they can 
be shown to be capable of operation at 155 C. 

180 C Materials or combinations of materials such as 

(Class H) silicone elastomer, mica, glass fiber, asbestos, etc., 
with suitable bonding substances such as appropriate 
silicone resins. Other materials or combinations of 
materials may be included in this class if by experience 
or accepted tests they can be shown to be capable of 
operation at 180 C. 

220 C Materials or combinations of materials which by 
experience or accepted tests can be shown to be 
capable of operation at 220 C. 

Over Insulation that consists entirely of mica, porcelain, 

220 C glass, quartz and similar inorganic materials. Other 

(Class C) materials or combinations of materials may be in- 
cluded in this class if by experience or accepted tests 
they can be shown to be capable of operation at 
temperatures over 220 C. 


* For more detailed information, see AIEE Publication No. 1 dated June 1957. 


Table Il—NEMA Laminates Tested 


NEMA Grade Description of NEMA Grades* 

xX Paper base, phenolic resin; electrical applications. 

XXXP Paper base, phenolic resin; better electrically than 
Grade XX, good punching. 

LE Fine-weave cotton-fabric base, phenolic resin; 
electrical applications. 

AA oe + fabric base, phenolic resin; dimensionally 
stable. 
Glass-mat base, polyester resin; electrical and 
mechanical applications. 
Glass-fabric base, melamine resin; electrical appli- 
cations, particularly flame and arc resistance. 
Glass-fabric base, silicone resin; electrical applica- 
tions, high heat and arc resistance. 
Glass-fabric base, epoxy resin; high mechanical 
= electrical applications, dimensionally 
stable. 


* For more complete descriptions of these grades, refer to NEMA Standards Pub 
lication for Industrial Laminated Thermosetting Products LP 1-1959. 


Table Ili—Test Temperatures for NEMA Laminates 
Study 


NEMA Grade 
XX, LE 90, 105, 120, 130, 155, 180, 200 
XXXP 90, 105, 120, 130, 155, 180, 200, 220 
AA, GPO-1, G-5 120, 130, 155, 180, 200, 220, 250 
G-7 | 155, 180, 200, 220, 250 
G-10 | 105, 120, 130, 155, 180, 200, 220, 250 


Test temperature, deg C 


of the properties for which NEMA has established 
standards or engineering information was not consider- 
ed feasible due to the great number of tests that would 
be involved. It was therefore decided that one mechanical 
strength test, such as flexural strength, and two elec- 
tric strength tests, one with the voltage applied in a 
direction perpendicular to the laminations and the other 
with the voltage applied in a direction parallel to lami- 
nations, would be reliable guides to the mechanical 
and electrical behavior of the material at the temper- 
atures indicated. 

In order to determine the effect of temperature, and 
of time plus temperature, on various grades of laminates, 
prepared specimens were subjected to the temperatures 
previously stated and were tested at these temperatures. 
Exposure times were 1 hr, 168 hr and 1000 hr. The 
tests at the 1-hr exposure time are mainly indicative of 
the initial effect of the stated temperature on the laminate. 
The tests at 168 hr and 1000 hr exposure time show the 
effect of both temperature and time on the laminate, as 
determined by the changes in property values. It was 
necessary to limit the present study to a maximum of 
1000 hr owing to the large number of grades and 
temperatures involved. 


Conditioning: All grades of material were tested 
initially at room temperature (approximately 23 C) 
prior to the elevated temperature tests. Specimens tested 
at 23 C were exposed to the standard laboratory atmo- 
sphere of 23 C and 50 per cent RH for at least one week 
before testing. Specimens tested after 1 hr, 168 hr and 
1000 hr were conditioned in ovens at the indicated tem- 
peratures and tested at those temperatures. 


Flexural Strength: For flexural strength tests four 
specimens measuring 1 x 4 x 14 in. were cut crosswise 
from the sheet in order to evaluate the weakest direction. 
Four specimens were tested from each lot for each time 
and temperature. The flexural test consisted of loading 
the specimen as a flat simple beam in accordance with 
ASTM D 709-55T. Tests were made at the conditioning 
temperature in an oven mounted on the testing machine. 


Electric Strength: The electric strength measurements 
in volts per mil were made both perpendicular and 
parallel to the laminations using the step-by-step test 
method as outlined in ASTM D 229-49. The fifth specimen 
was conditioned with each group of four specimens for 
determining the starting voltage of these tests. 

For measuring the electric strength properties at ele- 
vated temperatures, a special test cell was constructed to 
maintain and circulate oil at the conditioning tempera- 
ture. Dow Corning No. 550 fluid, a heat-transfer silicone 
oil, was chosen as the insulating medium because it has 
high electric strength and high resistivity, moderate 
viscosity changes, negligible volatile matter, and negli- 
gible jelling at the electrodes over the entire temperature 


range. 


Perpendicular to Laminations: Five specimens measur- 
ing 4 x 4 x 4 in. were tested from each lot for each 
time and temperature. The test was conducted between 
1 in. diam brass electrodes with edges rounded to a radius 
of ¥@ in, Other conditions were in accordance with ASTM 


1) 229.49, 


Parallel to Laminations: The NEMA tapered-pin test 
method (see NEMA Publication LP 1-1959) is cus- 
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tomarily used at room temperature. However, due to the 
difficulties of flashover without breakdown and problems 
in handling this type of specimen, the method outlined 
in Section 27 (b) of ASTM D-229-49, entitled “Methods 
of Testing Sheet and Plate Material used for Electrical 
Insulation,” was used for this high-temperature study. 
Five specimens measuring 1% x 2 x 4% in. were cut from 
each lot for test at each time and temperature. These 
specimens were prepared by drilling a 4¢ in. diam hole 
parallel to the laminations into the approximate center 
of the longer edge to a point 4¢ in. from the opposite 
edge. A 4, in. stainless steel pin, with its tip ground to 
the shape of the drill, was inserted into the hole and 
connected to the high-voltage lead. The specimen was 
then placed in the oil tank with its lower edge resting 
on the grounded electrode. 


Discussion of Test Data 

For each grade, composite bar charts were plotted for 
the average results of the various samples tested showing 
the effect of time of exposure at each temperature on the 
three properties tested: (a) flexular strength, (b) electric 
strength parallel to the laminations, and (c) electric 
strength perpendicular to the laminations. 

Since the objective in this investigation was to carry 
the materials to the point at which they failed, it became 
necessary to define the end point. The end point, arbi- 
trarily taken, was the temperature at which at least half 
of the specimens from a manufacturer’s laminate failed. 
Failure occurred either during conditioning or testing. 
Conditioning failures consisted of blistering, charring, 
warping, and fragileness. Testing failures were caused by 
the lack of either mechanical or electrical strength. 

The value obtained in testing at room temperature is 
shown as the 100 per cent original value for each prop- 
erty. The value obtained at each time and temperature is 
shown as a per cent of the original room-temperature 
value. Each bar represents the average of at least 12 
specimens, four each from three contributing manu- 
facturers. 

These charts show what happens to the mechanical 
and electrical properties with various time and tempera- 
ture exposures. In general, all the grades show a con- 
siderable loss in mechanical strength when tested at the 
elevated temperature after 1 hr exposure. Substantial 
recovery sets in and the flexural strength recovers for 
many temperatures for the 168-hr period, then again be- 
gins to decrease for longer periods of exposure. 

At the lower range of temperatures the flexural strength 
value at 1000 hr is higher than at 1 hr for all of the 
grades. At the higher temperatures the 1000-hr value is 
generally lower than the 1-hr value and substantially 
lower than the 168-hr value. Some grades, such as NEMA 
grades G-7 and G-10, show little or no loss of flexural 
strength at the higher temperatures in comparing the 
1000-hr exposure time to the 168-hr exposure time. Be- 
cause no experimental data have yet been obtained for 
the high-temperature behavior of these materials for 
periods longer than 1000 hr, any application involving 
such long-time exposure should be carefully considered 
in light of the known information, and specific informa- 
tion should be obtained for the required applications. 

For electric strength tested under oil, the story is 
somewhat different. For some grades the 1-hr test at 
elevated temperature shows a rapid decrease, with an in- 
crease at 168 hr in some cases to higher than the original 


APRIL 1959 


values. Other grades may show an increase in electric 
strength after 1 hr at high temperatures—for example, 
Grade G-7. The values after 1000-hr exposure do not 
decrease to any great extent for most grades except at 
temperatures beyond the range of the’ insulation class 
(Classes A, B, or H). It will be noted that bar charts 
covering grades AA and G-7 exhibit electric strength 
values up to 200 per cent or more of the original value at 
room temperature. For this reason, ordinate scales of 
0-200 were used as a basis for bar charts covering prop- 
erties of these two grades. Also to be noted is the fact 
that these comments are based on electric strength tests 
at elevated temperatures under oil where crazing or in- 
crease in porosity have little effect on breakdown values. 
The effect of high temperatures on electric strength in 
air may be much more pronounced for certain grades, 

The period that should be considered a satisfactory life 
for a given grade of insulation will depend primarily 
upon the application and the relative importance of the 
various property requirements. In some cases it has been 
proposed that the criterion for satisfactory performance 
in mechanical strength be chosen as the retention of a 
minimum of 50 per cent of the original flexural strength. 
This particular criterion, based on an arbitrary per- 
centage of the initial value, may unfairly penalize mate- 
rials with high initial values when compared with 
materials of lower initial values. It might be that a better 
criterion for many applications is a definite minimum 
flexural strength value at the specified temperature. 

Another important factor to be considered is the 
condition of operation, whether continuous or inter- 
mittent, as indicated in the following definitions: 

e Continuous operating temperature may be defined as 
the maximum ambient temperature at which the equip- 
ment is capable of operating over an indefinite period 
without failure. 

e Intermittent operating temperature may be some- 
what higher than that permissible for continuous opera- 
tion. Such higher temperatures may be expected to pro- 
duce failure of the insulation over a period of time, but 
are deemed safe operating temperatures for applications 
involving limited use of the equipment. 


For some applications (such as for motors) a life of 
15 to 20 years may be desirable, while for other applica- 
tions, an operating life of a few minutes may be ac- 
ceptable (such as for certain missiles). It is recognized 


that the ultimate choice of material is the responsibility 
NOD 


of the equipment design engineer. 
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This centerless grinder uses an endless abrasive belt rather than a grinding 
wheel. Excessive pressure between the belt and the work piece will cause 
abrasive grains on belt to be ripped off. Once deterioration of this type starts, 
the belt is likely to break. Load control is used to sense the current in the 
$600-rpm, 25-hp belt-drive motor and to operate pneumatic valves which control 
back-up roll pressure. Application is to a machine built by Production Machine 


Co., Greenfield, Mass. 


Load Control Systems 


{daptable to many types of machines, load controls are almost essential parts of today’s 


automatically controlled and operated systems to protect machinery and tooling from damaging 


overloads. Advantages and limitations of a current-sensitive type of control are cited. 


Fr. P. DUNIGAN 

Manager, Electronic Division 
Macuinery Evecrrirication, Inc. 
Northboro, Massachusetts 


RECENT DEVELOPMENTS in the automatic control of ma- 
chinery and all of the many various facets of automation 
in genera! have led to (1) an increase in the normal 
speeds at which machines operate and (2) a reduction 
in the number of machine operators. In either case, the 
time which the operator can devote to the overall well- 
being of the process has been reduced. For instance, a 
should almost instinctively 
reduce the feed speed when an unusually hard work piece 
appears. Such personal control has been all but eliminated 
by today’s automatic operation, It is important, therefore, 
that a machine be equipped with a suitable load control 
to protect it against unexpected overloads. 


milling-machine operator 


Following are some of the general areas in which load- 
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control systems capable of detecting an overload are 
useful: 


A pplication Detecting 


Milling Dull cutters 

Excessively hard work piece 
Feed limiting 

Drill clogging 

Dull drill 

End of “spark out” 
Maintaining wheel pressure 
Failure to transfer part 
Excessive reduction per pass 
Jam detection 

Clogging 

Excessive feed rate 
Clogging 


Drilling 
Grinding 


Punch press 

Tapering roll mill 
Conveyors 

Food choppers 
Hammermills and crushers 
Mixers 


Normal and Abnormal Power Requirements. |n 
applying a load-control system to a machine, it is 
necessary to consider the manner in which power require- 
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One of the problems in deep-hole drilling as per- 
formed by this drill head is the collection of chips 
around the drill, causing the drill point to wander 
from a straight line. Chip accumulation in the drill 
flutes is variable, depending upon the particular 
work piece, the sharpness of the drill, ete. A load 
control on the drill motor triggers a drill-retract 
cycle when the motor current increases, indicating 
chip accumulation. During retraction the drill clears 
itself of chips and then re-enters the hole to resume 
drilling. This application was developed by the 
Avey Division of The Motch and Merriweather 
Machinery Co., Cincinnati, Ohio. 


ments may vary with deviations in the process. For 
example, many machines will exhibit a change in driving 
power requirements of 10 per cent or more because of 
frictional changes as bearings warm up or as clearances 
change. In some cases, dulling of a drill may reduce 
rather than increase the power demanded by the drill- 
head motor. 

Many machines (punch presses, for instance) do not 
have a steady power demand, but draw a series of power 
peaks for each cycle of operation. A punch press usually 
demands two such peaks, the first and largest occurring 
when the clutch is energized to accelerate the crank and 
ram and the second occurring as the dies close. A cam- 
operated switch is usually employed to cut out the load 
control during the first peak. Similar cyclic effects are 
present in other types of machines and must be studied 
to insure a successful application. 

Effects of Kinetic Energy. In any motor-driven ma- 
chine, load changes are indicated by the amount of elec- 
trical energy demanded, regardless of the inertia of the 
moving parts. However, energy stored in moving mechan- 
ical parts (flywheels, gears, etc.) will tend to reduce the 
instantaneous value of the electrical change resulting 
from a given increase in mechanical loading. Although, 
in most practical applications, the change in electrical 
energy is sufficient to provide a usable signal for control 
purposes, the stored mechanical energy may be sufficient 
to cause considerable damage even though the load con- 
trol has detected the load increase and provided a warn- 
ing. Fast-acting electric clutches and brakes can usually 
be used with good results to isolate members with high 
kinetic energy and provide braking forces for the balance 
of the equipment. 

Line-Voltage Variations. Attempts have often been 
made in the past to provide compensation for changes 
in line voltage, but they have met with little success. It is 
practically impossible to determine whether an increase 
in line voltage will result in an increase or a decrease 
in line amperes or power input. Such changes are actually 
determined by the amount of loading on the motor and 
the ratio of /*R to iron losses which was designed into 
the motor. 

At any rate, line-voltage variations cause similar 
changes in either motor current or power input, and 
since these changes are not easily compensated for, it is 
obvious that the ability of the control to detect small load 
changes is limited by the constancy of the supply voltage. 

Within such limitations, Machinery Electrification, Inc. 
has designed a line of load controls in the form of an 
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electronic current-sensitive relay which senses changes 
in current in a-c motors. Above 30 per cent load, motor 
current is a fair measure of motor output horsepower and 
torque in most cases, With loads ranging from 10 to 30 
per cent some form of reactive compensation has to be 
used to eliminate the magnetizing component of the 
motor current. The basic principle of control is  illus- 


trated in the accompanying schematic diagram. OO O 





In series 
with 
motor 


Additional contacts of 
relay to perform any 
function 


Schematic diagram of MEK-2128 load-control system. (Machin- 
ery Electrification, Ine.) The primary of transformer T2_ is 
connected in series with one stator winding of the motor to 
be controlled. At rated primary current the potential across 
the secondary of T2 is 60 volts. This voltage is rectified and 
filtered so that a d-e signal proportional to motor current is 
developed. Another d-c voltage, the reference, is obtained 
from the 115-volt a-c supply. The size of the reference can be 
adjusted by potentiometer P1. The two d-c signals are com- 
pared at the junction of resistors R2 and R4, and the difference 
between them is applied to the grid of a thyratron tube V1. 

Under normal, full-load conditions, the two d-e voltages are 
equal and V1 conducts so that the relay in its plate circuit is 
energized. In case of an overload, however, the signal from 
the motor current becomes larger than the reference and, due 
to the way in which the two signals are connected together, 
the grid of V1 is driven negative so that the tube shuts off and 
the relay is de-energized. 

The relay contacts can be used to de-energize the drive 
motor, stop the mechanism, sound an alarm, or any other 
function which will serve to correct the trouble. It will be 
noted that tube failure will de-energize the relay in the same 
manner as an overload. Thus the control is “failsafe” against 
tube failure. It is also possible to reverse the connections on 
the two d-c voltages to provide loss-of-load protection. 
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An Introduction to 


Heat Flow Theory 


FRANK J. OLIVER 
Editor 


PROBLEMS IN HEAT TRANSFER are fundamental in 
the design and performance of all electrical and 
electronic devices, in every assemblage of them, 
and in most electrically operated products. Engi- 
neers constantly refer to safe operating tempera- 
tures, to losses, to rated dissipation in watts (con- 
verted to heat energy), to temperature rise. A 
familiar example is the drip-proof motor designed 
with a 40 C “rise.” The basic problem encountered 
in re-designing motors to the NEMA re-rated frame 
sizes was heat transfer. For a given horsepower, 
the electrical losses remained unchanged, but the 
radiating surfaces were drastically decreased and 
hence greater reliance had to be placed on more 
effective forced-convection cooling. 

Semiconductor devices are not the big heat 
sources that thermionic tubes are, but despite their 
high efficiency and low losses, still have to be 
mounted on a heat sink. Otherwise, operating life 


is shortened markedly. The 8- or 10-deg “rule” 
relating to insulation life has a vague ancestry but 
is still a guide in making a compromise between 
life expectancy and safe operating temperatures. 
Potting and encapsulation techniques have their 
advantages but, at the same time, create heat flow 
problems. 

The appliance designer often has the problem 
of heat retention rather than heat dissipation. How 
can he arrange the surfaces and finishes of a coffee 
maker, toaster or broiler so that minimum electric 
power is used? How thin could the wall thickness 
of a refrigerator be, using a new insulating 
material ? 

The study of heat transfer is one of the oldest 
of scientific disciplines. It is older than engineering 
itself. (The basic equation for heat conduction, for 
example, was first presented by Joseph Fourier in 
1822.) As a result, the literature is tremendous and 
therefore difficult to search. To help the reader use 
this tremendous background effectively, Mr. Kraus 
derives many of the “numbers” that apply, like 
Nusselt’s, Prandtl’s, Reynolds’ and Grashof’s, using 
dimensional analysis. The basic equations are in- 
terpreted on the strength of assumed experimental 
data for specific heat flow configurations in problem 
areas familiar to design engineers. Source refer- 
ences provided will help the reader tackle almost 
any problem involving steady-state conditions. 

Author Kraus joined Sperry in 1954 as an engi- 
neer in the Design and Production Engineering De- 
partment assigned to analysis of cooling problems. 
He became a senior engineer in 1955 and has di- 
rected the efforts of groups engaged in airborne 
cooling projects in several sections since then. He 
has a broad background in solving heat transfer 
problems, having worked as a development engi- 
neer for a power-plant boiler manufacturer and 
with a maker of heat-exchange equipment before 
getting into military electronic design. He was 
granted a bachelor’s degree in mechanical engineer- 
ing from Yale University (1946), a master’s in 
ME from Columbia University (1949) and more 
recently in E.E. from Brooklyn Polytechnic Insti- 
tute (1958). He is also a licensed professional 
engineer in New York State. 
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HEAT FLOW THEORY 


Derivations of the basic equations for conduction, convection and 


radiation using dimensional analysis to establish the parameters and 


the various “numbers” involved in convection expressions. Solution 


of empirical equations with simulated experimental data. 


ALLAN D. KRAUS 


Senior Engineer, Countermeasures Division 


SPERRY GYROSCOPE COMPANY 


Great Neck, New York 


oe ARE THREE MODES of heat transfer: conduction, 
convection and radiation. Before discussing them in 
detail, let us first define the terms used 
throughout this treatise. 

One of the units used in measuring heat, q, is 
British Thermal Unit (Btu), defined for our 
the quantity of heat required to change the temperature 
of one pound of water one degree Fahrenheit. If this 
temperature change is a rise, the heat has been added; 
if a drop, the heat has been removed 

A rate of heat flow, Q, is a transport of heat per unit 
time. If heat is designated as qg and the basic time unit 
7 is one hour, then the rate of heat flow in the steady-state 
condition will be 


some of basic 
the 
purposes as 


dy Oin Btu/he 


dr 
Temperature is not so easily defined 
tion is beyond the scope of this article purposes, 
however, temperature may be considered as a measure 
of the kinetic energy of the molecules of a substance 
Maxwell has stated, “The temperature of a body is its 
thermal state considered with reference to its power of 


A precise defini 
For our 


communicating heat with other bodies.” It is seen, then, 
that if temperature is a measure of molecular kinetic 
energy, it refers to the intensity of energy and not to the 
quantity of energy present. It is therefore analogous to 
the pressure or potential imposed upon a system in that 
it causes a. flow of energy—in this case, in the form of 
heat 

The specific heat of a substance can be defined as the 
amount of heat required to change the temperature of 
one pound of the substance by one degree Fahrenheit 
It a differential amount of heat, dQ, is transferred to » 
lb of substance (flowing per hour) and the temperature, 1, 
is changed by an amount d/, then by definition 
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if the heat is 
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specific constant between temperatures 


If the specific heat is itself a function of tem- 
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Fig. 1—Thermal properties « 
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Treatises on thermodynamics show that the value of 
specific heat will depend upon the process operating on 
the substance in question. In the case of fluids (liquid, 
gas or mixtures of gases) the heat-transfer engineer is 
interested for the most part in the specific heat at con- 
stant pressure rather than at constant volume. In a solid 
material, obviously no distinction is made between the 
specific heats. The term specific heat for fluids at constant 
pressure will be designated as C,. 

Fluid viscosity is defined as resistance to a shearing 
stress, the component of a stress that is tangent to a con- 
fining surface. It is equal to the component of force 
tangent to the surface divided by the area. 

Consider a fluid moving tangentially to a surface of 
area § and with velocity V at distance y from the surface. 
Force F causing this fluid to move will be directly pro- 
portiona) to § and V and inversely proportional to y. In 
equation form, with the insertion of a proportionality, 
wv, we have 


SI 


Vv 


M 


and if shearing stress is defined by f, F S, we have 


\ 


bu 
y 


Since Vy is the angular velocity of the fluid at distance 
y from the surface and since V is proportional to y, we 
may write 

dl 
“Me 


dy 


f, 


a relationship known as Newton’s Law of Viscosity. 

The parameter » is the viscosity of the fluid and 
mathematically is the proportionality constant relating 
shearing stress, velocity and distance. It includes the 
characteristic of the particular fluid and therefore differs 
from fluid to fluid. 

Another property possessed by every substance or 
material is its ability to conduct or transmit heat, called 
the thermal conductivity and designated as k. Thermal 
conductivity can be defined as the quantity of heat (Btu) 
conducted across a unit area normal to the heat flow path 
for a unit temperature gradient in the direction of the 
heat flow. 

The specific heat, viscosity and thermal conductivity 
of a fluid will, in general, all vary with temperature. 
Two abundant fluids used as heat transport media are 
air and water. Air is unique in that at the temperatures 
commonly encountered by electrical equipment, it exhibits 
a constant specific heat of about 0.241 Btu/Ib-deg F. 

In considering heat transfer by convection, the absolute 
values of the physical properties of air are used. Hence 
Fig. 1 has been constructed to provide values of specific 
heat, viscosity and thermal conductivity directly as func- 
tions of temperature. 

In addition, two other properties are shown: the param- 
eter a, which occurs in free or natural convection cal- 
culations; and the relationship k(C,u/k)'*, which often 
occurs in expressions for the heat-transfer coefficient in 
forced convection. 

Figure 2 provides corresponding data for water. In 
comparing Figs. 1 and 2, note that thermal conductivity 
increases with temperature for air and decreases for 
water. Viscosity exhibits the same characteristic, an in- 
crease in temperature Causing an increase In Viscosity 
in the case of air and a decrease in viscosity in the case 


of water! 





Heat Transfer by Conduction 


Heat transfer by conduction takes place when there is 
a difference in temperature between points in the same 
body or when two different bodies at different tempera- 
tures are in.contact. Heat can be explained on the basis of 
the motion of the molecules and atoms of a substance. 
Heat transfer by conduction can therefore be conceived 
as a transfer of energy of vibration from hotter and 
more rapidly vibrating molecules to the adjacent, less 
rapidly vibrating molecules. Conduction is the only mode 
of heat transfer that can take place within the confines 
of an opaque solid. 

In the study of heat conduction the distinction is usual- 
ly made between uniform and non-uniform heat flow. 
This article will consider only the uniform or steady-state 
heat flow, said to exist when the temperature at each 
point in the heat flow path does not vary with time. Under 
steady-state conditions, heat conduction lends _ itself 
nicely to a mathematical analysis and the transition be- 
tween intuition and mathematical reality is easily made. 
Intuition indicates that a flow of heat is proportional to 
the difference in temperature ¢ or the temperature gradient 
between two points at distance x apart. This flow of heat 
must also be proportional to the path area, A, so that we 
have the proportionality 


{ dl 


dr 


On~ 


Insertion of a proportionality constant k will yield 


dl 


dr 


0 kA (1) 


where the minus sign indicates that the flow of heat is 
in the direction of lower temperature. _ 

The proportionality k is termed the thermal conduc- 
tivity of the material and, as stated previously, may be 
considered as the quantity of heat conducted across a 
unit area normal to the flow path in unit time and for 
unit temperature gradient in the direction of flow. It 
differs from substance to substance and also varies with 
temperatures. Values of the thermal conductivity of several 
solids are given in Table I. These figures represent only 
a minute portion of the great amount of data existing. A 
more complete list was presented in an earlier issue of 
ELECTRICAL MANUFACTURING. (/)* 

After the variables are separated, Eq (1) may be in- 
verted and integrated quite simply to yield Fourier’s 
equation of heat flow through a plane wall: 


kA ay 


dr 


Integrating, 


yields 


kA 


0 
: L 


(i — b) (2) 


A graphical representation of the Fourier Equation is 
shown in Fig. 3. Here a wall L feet thick and with a 
thermal conductivity k is shown with its faces maintained 

*Italic numerals in parenth 


s refer to Cited References at end of article. 
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Table I—Thermal Conductivities of Some Common 
Materials (2) 


Thermal conductivity at 68 F 


Material Btu /ft-hr-deg F 


Aluminum (pure) 132 
Iron (pure) 42 
Copper (pure) 

Bronze (75% Cu, 25% Sn) 

Brass (70% Cu, 30% Zn) 

German silver 

Constantin (60% Cu, 40% Ni) 

Magnesium (pure) 

Nickel (pure) 

Silver (pure) 

Zinc (pure) 

Tin (pure) 

Steel (low carbon) 

Asbestos 

Fiber glass insulation 02 
Glass plate 44 
Rubber (hard) 087 
Wood (oak) ).10-0.12 


at different temperatures ¢, and ¢,. The temperature 
gradient is shown as the straight line connecting ¢, and f, 
and the heat flow is shown as a wavy line through the 
wall. 

Suppose two plane walls of different thicknesses, L, 
and L,, and different thermal conductivities, k, and 
k,, exist “back to back” so that an interface temperature 
t», iS maintained between the two as shown in Fig. 4. 
Since the heat flow must be the same in both walls, Eq 
(2) can be applied to give an expression for the interface 
temperature. 


k bp 
0 1 (/, bon ‘Gd, l) 
L, ( ) Ls ( 


By multiplication and collection of terms, 


i+ =| t by | +2 t | 
a a te 


Fig. 3—Graphical represen- 
tation of Fourier conduction 
equation, m-? 


Fig. 4—Interface tempera 
ture introduced in Fourier's 


equation. 
<-&. 





k; ke ] 
t b 
L cae” 
[hah] 
I, kL 
Another computation can be performed to yield the 


heat flow through the composite wall in terms of the 
extreme temperatures. 


(3) 


k, 
L, 


0 A(t, — tn) = ? it: i 


from which we obtain 


OL, 


(1, t 
, kA 


4 — tn) = 
( ) kA 


By addition, 


OL, , Ol, _ OT L 
kA kA AL k, 


so that 


A(t; — ts) 
Ly 1 le ] 
k; ko 


and which can be extended to consider n walls 


0 


0 


These rather simple mathematical relationships suggest 
the use of a thermal resistance concept in performing 
conduction calculations. In Eq (4), the parameters Q, 
(ft, t,) and A/[{(L,/k,) +- (L./k.)] are analogous to 
1, E and //R in Ohm’s Law as indicated in Fig. 5. 

The configuration of Fig. 4 can therefore be represented 
as the electro-thermal analog circuit of Fig. 6 and heat- 
flow computations can be made in the same manner as 
for electric circuits. We shall see how simple computa- 
tions can be made on heat flow configurations of great 
complexity. 

As an example, let us consider a wall 3 in. thick hav- 
ing a thermal conductivity of 2.5 Btu-ft/sq ft-hr-deg F 
(most often written as Btu/ft-hr-deg F) and a tempera- 
ture on the inside of 230 F. What thickness of insulation 
is required to hold the heat flow to 50 Btu/hr if the 
outside temperature is 80 F and the thermal conductivity 
of the insulation is 0.024 Btu/ft-hr-deg F? 

The problem is adequately represented by Figs. 3 and 6. 
Here we know Q and Af, the thermal current and the 
thermal potential. The total thermal resistance for 1 
sq ft of wall area is to be 


230-80 150 


. 
\ R Ml p : 
y 0 50 50 


3 deg F-hr/Btu 


This total resistance is a series combination of R, and 
R,. Hence 


Ir _ 3 99 — 0.25 
kA 2.5(1) 
3.00 0.10 = 2.90 deg F-hr/Btu 
The thickness of the insulation is then easily found 
from R, L./k,A 


L. Roky 1 


es a er ek 


2.90(0.024)(1) = 0.0696 ft = 0.835 in. 


The Fourier equation in cylindrical coordinates will 
yield a slightly more complicated expression for the heat 


126 


Current 


Potential 


Resistance 


Fig. 6—Specific analog of heat-conduction problem. 


flow in terms of the radii, thermal conductivity and ex- 
treme temperatures. Consider, for example, a thick-walled 
pipe of inner radius r, and an outer radius r, having 
corresponding temperatures ft, and ft, as shown in Fig. 7. 
For a pipe of length L, we may write Eq (1) in the 
form: 


dl 
dr 


—kA 


Since 
= 2arl 


then 
Q = —2rkLr 4 
dr 
Separation of the variables will yield 


dr 2rkL ‘ 


r QO 


il 


which may be integrated between r,(t,) and r.(t,) to give 


re lo 


dr 2rkL 
r OQ 


dl 


which yields 


Q = 27kh Wy _ 1) (6) 


I's 
log. 


ri 
If the cylindrical surface is composed of two materials 
such as a metal pipe with a jacket of insulation, we may 
derive expressions for the interface temperature, t,,, and 
the heat flow as a function of the extreme temperatures 
(Fig. 8): 


2rkiL Ct bn) Qrkel, (lm — tr) 


O (6A) 


log /™ log.” 
r; rn 


so that by multiplication and collection of terms, we obtain 


ki og he Ty he 
rm r 


| l " | : I " | ° 
o£, og og, Of 
im ri me * me r; Be pr 


and finally 


kil, 4. Role ky + ko ; 
log. Pm log. ra log, Im log. 4 
ry rm r lm 


i. (7) 
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From Eq (6A) 


Pn 
2rkoL 
By addition, 
r Ps 
log.™ log. 
/ Q ee r ” rm 
aol, Tk 


from which we obtain 


ie 2h (h ly) 


ly r 
log.—” log, 
r a rm 


ky ky 


Simple electric equivalent circuits have been in use 
since the early 1940’s to represent heat flow patterns and 


Heat Transfer 


Convection, the second mode of heat transfer, may be 
defined as the exchange of heat between a surface and a 
fluid due entirely to the intermingling of the fluid imme- 
diately adjacent to the surface with the remainder of the 
fluid. The process is therefore one of the mixing of a 
bulk fluid with elements or parcels of the fluid in contact 
with a limiting surface. 

Convection can be subdivided into two types, depending 
on the mechanics of the mixing or agitating process. 
Forced convection applies where the flow of fluid is 
mechanically forced by an outside agency such as a pump 
or blower. Free or natural convection applies where the 
mechanical agitation is due to fluid density differences 
induced by the difference in temperature between the fluid 
at the limiting surface and the main body of fluid. 

Intuitively we know that cooling can best be accom- 
plished by setting fluids in motion. Fluid velocity is most 


Table il—Dimensions and Variables for Dimen- 
sional Analysis of a Heat-Transfer Relationship 


Primary Dimensions 


Quantity Units Dimensions 


Mass M 
Length L 
Time $ 
Heat q 
Temperature deg F ar 


Variables 


Quantity Units Symbols Dimensions 


Velocity ft/hr a L/r 
Diameter ft d L 
Density lb/cu ft p M/L* 
Thermal conductivity Btu/ft-hr-deg F k q/LrT 


Specific heat Btu/lb-deg F Cp q/MT 
Viscosity Ib/hr-ft mn M/rL 
Heat-transfer coefficient Btu/sq ft-hr-deg F h q/L?rT 
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Fig. 7—Example of thick- Fig. 8—Problem of insula- 
walled pipe. tion-covered pipe. 


to provide a means of rapid computations of the quanti- 
ties of heat flowing through different paths. (3) 

In a device as complicated as a transistor no simple 
electric equivalent circuit can be used to represent the 
configuration adequately. In addition, any simplification 
made will usually tend to reduce the accuracy of the 
computation. More refined methods of circuit analysis 
are therefore dictated since the usual step-by-step com- 
bination of thermal resistances may no longer be possible. 
Such a detailed analysis is given in the separate section 
titled “Transistor Heat-Conduction Analysis by Electrical 
Analogy.” 


by Convection 


important in the forced-convection process, as will be 
demonstrated. 

In convection, heat flow will be directly proportional 
both to the area S of the surface normal to the heat flow 
path and to the temperature differential between source 
and receiver media. We may therefore write the pro- 
portionality 

O~ SAl (9) 
and with the insertion of a proportionality constant 
QO = hSAl (10) 

Parameter fh is termed the coefficient of heat transfer 
in convection and can be thought of as a conductance 
or aid to the transmission of the heat. Equation (10) is 
actually a convective Fourier equation where hi is sub- 
stituted for k/L in Eq (2) since the latter factor is also a 
conductance. The electrical analog method can be applied 





Fig. 9—Temperature gra- Fig. 10—Two types of fluid 


dient adjacent to a surface flow. 
in contact with a fluid. 





to convection problems in much the same way as for 
conduction. Thus a convection thermal analog would read 
R = At/Q = 1/hS 

Since the temperature gradient Af can be shown by 
measurement to be confined to a very thin fluid Jayer 
immediately adjacent to the surface (Fig. 9), we can 
consider a convective heat-transport process as being one 
of heat flow through a relatively thin boundary layer 
adhering to the surface. Outside this layer we can assume 


that an isothermal condition exists due to the mixing 
motion of the fluid. Since the convection process is a 
problem of heat transfer within this boundary layer, one 
sees immediately that convection is a function of the 
thickness of this layer and therefore the type of fluid 
flow at the surface. 

Two basically different forms of fluid exist: the lam- 
inar and the turbulent forms illustrated in Fig. 10. In lam- 
inar flow, the individual streamlines appear to be parallel, 


Transistor Heat-Conduction Analysis by Electrical Analogy 


A COMMON PROBLEM encountered in transistor application 
is the determination of the amount of heat dissipation 
obtainable from the permissible junction temperature. With 
the usual mounting arrangement sketched herewith, the problem 
resolves itself into a study of heat flow from the junction 
to an external heat sink through an isolating dielectric 
which inherently presents a heat barrier 

If an electric equivalent circuit is to be used to analyze 
the heat flow, the first step is to make a quarter section of the 
assembly and assign electro-thermal analog resistances. From 
the arbitrarily assumed resistances for the steady-state condi- 
tion, an equivalent circuit schematic can be drawn. The method 
of mesh analysis can be applied here, using Kirchhoff’s voltage 


Evaluation of Thermal Resistances in Transistor 


R Surface normal to flow of heat (S) 


!, of inner surface of top of cap 
|, of surface of side of cap based ™ 
on mean diameter 


!, of inner surface of top of cap 


” ” 


|, of surface of side of cap based 
on mean diameter 


1, of surface of top of cap based 
on outer diameter of cap 


14 of surface of side of cap based 
on outer diameter of cap 


1, of base plate surface under cap 
plate 


Cross-sectional area of base plate 
14 of total base plate surface 
plate 


1, of washer surface under base 


plate 


|. of mounting plate surface 
mounting plate 


', of mounting-plate cross-sec- 


tional area ing plate 


|. of mounting plate surface less 
top of cap surface 


Cross-sectional area of cap based 
on side dimensions 


Cross-sectional area of side of cap 


law which states that the sum of the voltage drops around 
any closed circuit path is zero. It is only necessary to substitute 
temperature for voltages to write the mesh equations under 
the analog circuits. The compounded parallel circuits within 
the dashed lines of the left-hand schematic can be represented 
by R, in the simplified diagram at right, in which associated 
resistances are lumped as indicated. The expressions for the 
actual magnitudes of the resistances are given: in the accom- 
panying table. 

For the particular set of resistances chosen, one-quarter 
of the total heat dissipation, Q, for a given junction tem- 
perature can be determined by putting the simultaneous 
mesh equations into the form of a determinant. 


Heat transfer coefficient (h) 


Conductance across air gap under cap 


” ” ” ” 


14 of thickness of cap divided by thermal conductivity of cap material 


” ” 


Coefficient of heat transfer in convection on top of cap 


14 of base plate thickness divided by thermal conductivity of base 


14 of base plate radius divided by thermal conductivity of base plate 


16 of base plate thickness divided by thermal conductivity of base 
l4 of washer thickness divided by thermal conductivity of wesher 

14 of mounting plate thickness divided by thermal conductivity of 
Radius of mounting plate divided by thermal conductivity of mount- 


Coefficient of heat transfer in convection on mounting plate 


Distance along cap between center of top and center of side divided 
by thermal conductivity of cap material 


Distance from center of side of cap to top of base plate divided by 


thermal conductivity of cap 
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there are no components of fluid velocity normal to the 
flow propagation, and a parabolic distribution occurs. In 
turbulent flow, none of these characteristics occur. Here 
the streamlines, if they can be discerned, are interwoven 
with one another in a random pattern, and the velocity 
of propagation is essentially constant across the fluid 
cross-section. Since convective. heat transfer is promoted 
by agitation, it is easily seen that this mode of heat trans- 
fer is at its best under turbulent conditions. 


External 


heat sink Mica or other type 


isolating washer 


Power transistor mounted on heat sink. 


The foregoing reasoning may now be applied to a 
quantitative determination of heat transfer coefficient h 
in terms of the variables having an influence on this 
parameter. This will be accomplished by a method of 
dimensional analysis which is used when insufficient in- 
formation is available for the formulation of a mathe- 
matical relationship or a physical law. In considering only 
the unit dimensions of the many variables involved, 
dimensional analysis does not produce a numerical solu- 





47=t-Ts = 











Steady-state thermo-electric analog of 
power transistor. 


= — 





a 





Ro=Roth, 
Rp=Rat Re 
Rce=Rig 


Ry=h, +R; 
Re hr + Re 
Re = Rig 


Rg= R3yt Rs 
Ry*= Re 


Simplified electrical analog showing loops for mesh analysis and junctions for nodal 


analysis. 


RK, +R, 
(é s a} ¢ halle Raf 


Rg Pig) 4 Rig t Regt Ry ¢ a 
ew [(372)(Ry+ Ri) + Re] 


Ry t A, 
f{ 3 sR) hry + Rs) 


Ro thisthigo tRiy, + 
2Ro tRi3 thio t Ry [1372) (Ry #Pg) # Ria] 


QO, = 


AT = (Ra+RytR;) 0, - Ree -(R, +R; ) Oy 
O = -RyQ, + (Ry + Re + Rr) Oo — Rely -P¢ Og 
O = -RyQt (Aig t+ Re t+ Ry) Os — Fie Os 
O = -(Ryt BR; ) Q, ~ Rp Qot (Ry t Rye +R +A; ) Og - Ry Os 
O = ~ Re Qy~ Rb Qgt (Ry t Re + Ra) Os 
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Re O ~(RytR, ) 


(Fig t Fe + fy) -fg Ay 


A, 


bh (Rot Re tRey) 0 


O Rr O (Rat yt th) -Fy 


O O Re Rp (Figt Re 


Re O 


(RotRpy +R, ) (Ry #R, O 


-Re (RytRe thy) — -Ry Ry O 


O Ka ( Ft Aethg/ O Re 


-( Rpt FR; / Ky O (Ppt Ayt Apyt Fi, / Ap 





O O -Re Rp (Fist Rot Ry) 


Determinant form of mesh equations, 





tion but instead yields an empirical relationship which 
expresses the effect of each of the different independent 
variables upon the desired dependent parameter. Observed 
experimental data can then be correlated to yield an 
expression which is usable in further study. 

We have observed that the heat transfer coefficient in 
forced convection is dependent upon the fluid velocity. 
Intuitively we can see that it is probably a function of 
the heat transfer properties of the fluid, such as its thermal 
conductivity, specific heat and viscosity. It is probably 
also a function of the fluid density and the dimensions of 
the limiting surface. Let us perform a dimensional analysis 
with these variables, which are tabulated with both their 
actual and abbreviated dimensions in Table II. In addition 
to the customary three basic dimensions—mass, length 
and time—we have added the dimensions of heat and 
temperature. We have postulated that heat transfer co- 
efficient A is a function of all of the variables listed. 
Therefore 

h SG ie k, yp, Cp, d, I) (11) 


where F represents a conversion factor of energy units 
from a mechanical to a thermal system since it is not 
known whether the dimensions of the variables represent 
mechanical or thermal units. 
Equation (11) may be expressed more exactly in ex- 
ponential form as 
h = AV4pkeutC, td! Fo (12) 
and if the dimensions of Table IL are substituted in 
Eq (12) we have 


q (Hi a ) (4) ( 4 ) (¥) (13) 
LT r) Xba) Mia) NGI AMT) PX ge 
Taking a summation of the exponents, we obtain 


q: I ec+e-g 
L: a 3b 
(14) 


sista 
¢-e \ 


b+d-—-e+gq 


» 
T: l a—c 
l 


a3 
Vv: O 
Equation (14) forms a system of five simultaneous equa- 
tions in seven unknowns. Solving them in terms of a 
and ¢ gives 

a 

b 

c c 

d l a c 
so that Eq (12) becomes 

h i} ptkeyl , C,' ds 

or, by transposition, 


4 


hd 1 (222) (Cyu)'ek (16) 


Me 

Equation (16) may be adjusted by multiplying both sides 
by k*' so that our final expression for a forced convection 
relationship will be 


PColC 


an expression known as Nusselt’s Equation. 

The completely dimensionless relationship of equation 
(17) may now be used to correlate experimental data. As 
soon as three reliable sets of data are obtained, the 
constants A, a and (l-c) can be determined. Usually, 
however, many more than three sets of data are taken 
to assure that no poor sample of data is used. 

Before demonstrating an actual correlation of data, let 
us investigate the temperature difference to be used in 
a heat exchange process. Suppose we have a pipe, kept 
at a constant temperature, through which a fluid such as 
water or air is entering at temperature ¢, and leaving at 
t,. The amount of heat transferred from the pipe to the 
fluid will be the product of the heat transfer coefficient, 
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Fig. 11—Temperature distribution of fluid flowing through a 
pipe of constant temperature. 


the heat transfer surface, and some mean temperature 
difference between the pipe and the flowing fluid. This 
may be represented, for the present, as in Eq (10) 

Q = hSAl 
and the reader should bear in mind that the At used in 
Eq (10) is not to be confused with the temperature rise 
of the flowing fluid, At — t, — t,. 

For the temperature pattern in this pipe, shown in 
Fig. 11, the temperatures of both the pipe wall and the 
fluid have been plotted as a function of the surface 
traversed in the tube. 

The heat transferred to the fluid stream will be in 
accordance with the thermodynamic law 

O = wC,At (18) 

In order to avoid confusion with the fluid temperature 

rise, let us write the heat transfer law as 

OQ = hSO» (19) 
where 6,, is the overall temperature difference acting as 
the thermal potential for the flow of heat over the entire 
configuration. 

Reference to Fig. 11 and consideration of the heat 
balance demanded by Eqs (18) and (19) will show that 
Q = wl,Al = hS6, 

However, over the differential element of surface area dS, 
we have 

dO = wl,dl = hdSé@ = hdS (tl, — 1) (19a) 
so that 


hdS _ 
wl, 


(20) 


Equation (20) may be integrated over the entire sur- 
face, S, between the temperature limits of the flowing 
fluid, t, and f,, to yield 


AS ji tie t 

wy ro t, — le 
and if we now use 6@,, as the mean temperature difference 
over the entire surface rather than 6, the temperature 
difference over the element of surface dS, we have 


t,-—t 
9. ts — 4) / log. — ; 
(t »/ ) ie 


an expression known as the Logarithmic Mean Tempera- 
ture Difference. 

Now, from the assumed experimental data of Table III, 
let us evaluate the actual forced-convection heat transfer 
coefficient of Eq (17) which was determined merely from 
the dimensions of the variables thought to have an effect 
on the process. Ten runs are assumed with air flowing 
in pipes of different sizes. In an actual test, air inlet and 
outlet temperature can be measured and the quantity 
of air flowing can be obtained, for example, by using 
a precision floating-bob type flowmeter. The pipe-wall 
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temperature could be maintained at an essentially constant 
value through the use of condensing steam and this 
temperature can be varied by adjusting the steam pressure. 
The pipes are assumed to be 5 ft 4 in. long. The fictitious 
values in Table III have purposely been chosen to yield a 
reasonable expression for the heat transfer coefficient. 

The computations necessary for the correlation of data 
are given in Table IV. Note that the exponent, 1—c, 
associated with the dimensionless parameter (C,y/k) in 
Eq (17) has been assumed to be equal to 1/3. This 
assumption is permissible since the other constants A 
and a will numerically adjust themselves accordingly. 

After the computations listed in Table IV are per- 
formed, a plot of (hd/k) (C,y/k)~'* is made against 
(pVd/,). As shown in Fig. 12, such data lie on a straight 
line connecting the points. Point scatter is almost non- 
existent. Since it appears that no runs are obviously out 
of line, constants A and a can be computed from any 
pair of points. Take for example, runs 4 and 6 (Table 
IV) using the equation 

( Cou 
Ce 


hd { ( pl d 
k im 


converted to logarithmic form to the base 10 


hd oVd C 
loe( ) = log A + log ¢ ) + log ( pl ) 21 
k a : k ( ) 


By substitution of the corresponding numbers com- 
puted from the assumed test data, two similar equations 
are obtained: 


1/3 


1/3 


log A 
log A 


+ a log 17,800 + log 0.876 
+ a log 31,000 + log 0.876 f 


(22) 


log 56 
log 87 . 5 


Simultaneous solution of Eq (22) yields 


\ 0.0223 and a 0.805 


Table ill—-Heat-Transfer Data Obtained from an 
Assumed Test 


Temperatures, deg F 
Flow, cfm ts ti ty 


225 65 181 
225 80 180 
225 80 179 
240 105 199 
225 70 138 
225 95 149 
240 120 170 
240 145 185 
225 90 137 
240 115 159 


Pipe diam, 
Run No. in. 
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Fig. 12—Plot of data from Table IV. 


Table I1V—Computations for Establishing Correlation of Test Data from Table Ill 


Run No. t., deg F tm, deg F p, |lb/cu ft d, ft 
123 
131 
129.5 


152 


174 
178 
177 
196 
164 
173 
192 
202 
169 
188 


0678 
0671 
0672 
0644 
0700 
0679 
0654 
0633 
0689 
0664 


0833 
0833 
0833 
0833 
1667 
1667 
1667 
1667 
2083 
2083 


w 


CSCUOOnNAUSWH 
MUOnMNnNnN 


_ 


(pVd/u) », Sq ft 
12110 
15600 
19150 
17800 
26800 
31000 
29050 
32600 
28400 
29700 


392 
392 
392 
392 
782 
782 
782 
782 
48 

48 


A 


0 
0 
0 
0 
0 
0 
0 


0. 


0 
0 


1 
1 


1 
1 


, sq ft V, ft/hr 
104000 
135900 
166000 
166000 
110200 
132800 
132800 
155000 

96000 
106000 


00545 
00545 
00545 
00545 
0218 
0218 
0218 
0218 
0342 
0342 


(“*) (=) 

k k 
47.0 
54.8 

1459 : 2 


deg FQ, Btu/hr 


1072 
1198 


89.8 
85.5 
86.2 
78.6 
17.2 
00.8 
98 .6 
73.1 
10.0 
01.9 


1320 64.0 
2740 E 0 
2555 : 9 
2275 y 4 
2065 : 0 
2560 3 
2400 5 


Derivation of Computed Variables 


average fluid temperature 
mean film temperature 

= air density at ft, 
air thermal conductivity at f¢,, 
air viscosity at ft, 


4 (t, 
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C, = specific heat of air, constant at 0.241 
On log mean temperature difference 

= (t, — t)/loge(t, — ti)/(t, — tz) 
Q = rate of heat transferred wC, (t2 — t 
h heat transfer coefficient Q/S6,, 





so that the final expression for the forced convection 
heat transfer relationship for our assumed data will be 
0.805 


hd _ 9 9993 ( pVd ) (S*) (23) 
k “ k 


The dimensionless parameters of Eq (23), and in fact 
many expressions of this type, have been given names in 
honor of pioneer investigators in the fields of fluid flow 
and heat transfer. The parameter (pVd/,) is a dimension- 
less group concerning the fluid flow characteristics of a 
process and is called the Reynolds Number (Re). Similar- 
ly, (C,p/k), considering only the heat-transfer properties 
of the fluid, is called the Prandtl Number (Pr); and 
(hd/k), which contains the heat-transfer coefficient in a 
convective process, is called the Nusselt Number (Nu). 
Other “numbers” frequently appear, such as the Stanton 
Number relating heat transfer and flow properties, 
(h/C,pV); the Graetz Number used in laminar flow, 
(wC,/kL); and the complex Grashof Number (Gr) used 
in natural convection calculations: 

p’LABgal/u? 

Many investigators have proposed empirical correla- 
tions based on experimental research. Fluid flow through 
a pipe or duct has been the subject of exhaustive study. 
Dittus and Boelter (8), for example, found that for 
heating fluids 


(* ) 0 oz1s (#14) (Ge ? 


and for cooling fluids 


(= ) 0 0213 (PY) (S*) 
k M k 
McAdams (8) proposes an all-inclusive set of equations 


for liquids and gases based on the work of Sieder and 
Tate (4) for heating and cooling 


tor ne<zion ('t)—1.06[ (S)(S)(H)] () 


os 7 1/3 0.14 
for Re > 10,000 (**) 0 023 (au! ) (S) ( E ) 
k KM k Mu 


where the factor /p,, removes the necessity for separate 
expressions for heating and cooling. This factor is the 
ratio of the fluid viscosity at the mean stream temperature 
to the fluid viscosity at the wall temperature. For gases, 
this factor is taken as unity. 

For the flow of air parallel to a plane surface of length 
L, to be taken as no greater than 2 ft, Brown and Marco 
(5) recommend an equation of the form 


; 0.75 
hl . 0.055 (2 E) 
k M 


For film condensation of a single vapor on a single 
horizontal tube, Nusselt derived the expression 


h = 0.725 een | 
dyAl 
and for condensation on an inclined surface 
h = 0.943 [ k'p’gh (sin ¥) ] 
Lyat 


where w is the angle of inclination from the horizontal. 
For gases flowing normal to banks of 10 rows of 
staggered tubes, Colburn (6) proposed 


0.6 : “ 
( hd. ) 0.33 [ pd, | [ Com | 
k M k 


with appropriate corrections for banks other than 10 
rows deep. Here V is the maximum velocity between 
the tube spaces, whether in the transverse or horizontal 
dimension. 


132 


For heat transfer from electron tubes to air flowing 
parallel to them on chassis, Goldberg (7) suggests the 
use of this expression: 


(hy) = 12 ro Lee] ey 
CypV ee bu k 


This listing of the correlations of the many investigators 
could go on indefinitely, but would serve no useful purpose 
here since several excellent reference books contain copi- 
ous lists of similar data (see appended references). 

Two points should be borne in mind: first, a configura- 
tion can be constructed and experimental data obtained. 
Dimensional analysis and correlation of this data will 
yield an expression which can then be used for a reason- 
able prediction of the effect of varying a number of 
parameters. Very often, even the flowing fluid can be 
changed with little loss of accuracy of coefficient predic- 
tion. Second, the study of heat transfer has progressed 
to such a point that experimental data are available in 
literally hundreds of references. If one has a problem 
of heat flow in some simple geometric shape, the odds 
are that a correlation of this shape with the particular 
fluid involved has been made and is available. 

Usually the equation of a correlation is represented 
in graphical form. This allows rapid solution for the heat- 
transfer coefficient and has the advantage of showing 
visually how the coefficient varies with the Reynolds 
Number (Re). 

As an example, Fig. 13 has been constructed from 
the Sieder-Tate relationship for flow in pipes or ducts. 
This graphical representation considers the parameter j = 
(Nu) (Pr)-'* as a function of Re with the constants A 
and a built into the curve. The curve shows a discontinuity 
at Re = 2100 in proceeding from the laminar flow to the 
transition range and also shows a single line for values 
well into the turbulent flow range. 

The relationship in the laminar flow range depends 
strongly on the length-to-diameter ratio, (L/D), which 
appears on the curve as several distinct lines. As the flow 
enters the transition region, the effect of this ratio becomes 
less apparent and finally, in the turbulent region, the ratio 
has no significance. 

The use of the curve makes the evaluation of the 
coefficient much simpler in that the Reynolds Number 
need not be raised to a power. The parameter j is read 
directly from the curve as a function of Re and since all 
of the information is available, the coefficient is quickly 
obtained by the solution of the expression 


Bs si 4 ( “2 ) | w [ ( , ) | 
h p - k 
yen ‘ah be d k 


Example of Forced-Convection Problem 


As an example of a forced-convection type of problem, 
suppose we consider an air-core inductor made of a coil 
of wire 5 in. long and 2 in. in diam, dissipating 75 
watts. Preliminary experiments have indicated that this 
wire will operate reliably if its outside surface tempera- 
ture is held to 250 F. Air at an inlet temperature of 80 F 
is available as a coolant and it is desired to find the 
volumetric rating of a blower necessary to provide ade- 
quate cooling. 

First step is to find a suitable heat-transfer equation 
for air flowing normal to a single cylinder. Inspection of 
the literature will show that McAdams (8) recommends 
an equation of the form 


(#) - p( 4 ’ 
k M 


where B and n are constants depending on the value 
of the Reynolds Number. 
The surface area of the coil is computed as 
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Fig. 13—Heat transfer to a fluid flowing in a pipe or duct. 


9 ~ 
S=rdL =r ( me ) ( - ) 0.218 sq ft 
12 12 


Assume as a first approximation, to be verified, that the 
air will experience a rise in temperature of 5 F, making 
the average temperature 82.5 F. A sample calculation will 
show that if the coil of wire is to be held at 250 F, the 
logarithmic mean temperature difference, 6,,, will equal 
the arithmetic mean temperature difference, #. Hence 
6 = 250 — 82.5 = 167.5 F 
bn = (250 + 82.5)/2 = 166.3 F 

At 166.3 F, k = 0.0172 Btu/ft-hr-deg F 

pw = 0.0481 Ib/hr-ft 
The required heat transfer coefficient is 
h = 2 = 753.413), 
Som 0.218 (167.5) 
and thus the required Nusselt Number will be 


and 


7.02 Btu/sq ft-hr-deg F 


hd, _ 7.02 (2/12) 


k 0.0172 
Reference to McAdams (8) indicates that this value 
of Nusselt Number demands that B 0.174 and n = 
0.618 so that the required Reynolds Number is 


dopV _"{hd, / ( 68.1 ) sas 
,) NR [8 NOM 


Since the density p at 82.5 F will be 0.0730 Ib/cu ft, 
the required velocity will be 


68.1 


- (391)!-'8 = 15,350 


V = 15,350 u _ 15,350 (0.0481) 
pd, 0.0730 (0. 167) 


If the flow of air is confined around the coil by a 
6 x 3 in. aperture, the free area for coolant flow is 
A, = (6 X 3) — (5 X 2) 0.0555 sq ft 
The blower will therefore be required to deliver 
VA, 
and the weight flow of air is 
w = pVA, = 0.0730 (60,600) (0.055) 


60,600 ft/hr = 1010 ft/min 


8 sq in. 
1010 (0.0555). 


56.1 cfm 


244 Ib/hr 
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The air temperature rise will be 


0 75 (3.413) 
244 (0.241) 


Al . 

wl, 

a value close enough to the assumed 5 F to merit ac- 
ceptance of this computation without revision. 


Free Convection 

A dimensional analysis of the variables thought to have 
an effect on the process of natural or free convection 
can also be performed. In this case, velocity is not a 
variable, but the bulk modulus of thermal expansion (£) 
is. It is obvious that the temperature difference between 
surface and fluid plays a very important role because it 
is this factor that dictates the density differences govern- 
ing the entire process. 

The dimensional analysis of free convection will intro- 
duce the very significant Grashof Number so that the 
correlating equation will be of the form 

Nu = f (Gr) (Pr) 
In other words, the Nusselt Number is a function of the 
Grashof Number times the Prandtl Number, or 


hL o¢ [ ( L089 )( Cou )} 

k we k 
The term within the brackets can be simplified to yield 
AL c| iNet, ] 

k pk 


To simplify further, let us define a parameter, a, which 
is purely a function of temperature 


(21) 


(25) 


f(T) = 90°C, (26) 


BR 
where p is the fluid density at standard conditions. Then 


= C (ap*L*0)" 





Table V—Constants n and C from Natural 
Convection Data 


aL*§ <10° aL*§> 10° 


Significant L 
always <2 ft 


Body 


Vertical 
plane 


The height, unless 
horizontal dimension 
is greater than 5 
times vertical, in 
which case 
1/L 1/Lvert 4+ 
1/Lioris 
Sphere radius 
Horizontal 
plates width 
(a) facing (the smaller of the 
up two length dimen 
(b) facing sions) 
down 


Cylinders The 
(a) hori- 
zontal 


diameter, un- 
less dimension is '; 
diameter, in which 
case 
1/L 1/diam 
1/Luoris 
(b) Verti The height, unless 
cal vertical dimension is 
4, the diameter, in 
which case 
1/L 1/diam 
1/Lyert 


where p is the pressure ratio of actual pressure to standard 
pressure. 
Hence 


h C ( , ) (ap’ L*0)" (27 


The constants C and n have been determined experi- 
mentally for several configurations and are listed in Table 
V. Note that the values of the constants depend upon 
the magnitude of the quantity aL*é. Table V also gives 
details on the selection of the applicable length parameter 
L which should never exceed 2 ft. 

When aL*é is less than 10°, Eq (27) may be simplified 
to yield 

h = Ck (ap?) (6/L)"* (28) 
a very handy relationship since aL*@ for air is most often 
less than 10°. 


Current-Carrying Problem in Wire 


A problem in free convection is illustrated by consid- 
ering the current-carrying capacity of a wire. What will 
be the maximum current that a No. 14 copper wire can 
carry if it is strung horizontally in a room containing air 
at 140 F and at an absolute pressure of 10 psi? The 
maximum wire temperature allowable is to be 230 F 
(110 C). For the present, the effects of radiant heat 
interchange between the wire and the walls of the room 
will be neglected. 

First, let us check the value of aL*é. The configuration 
is a horizontal cylinder, so that L will be the wire diameter, 
which is 64 mils or 0.00533 ft for a No. 14 solid copper 
wire. Resistance is 2.573 ohms per 1000 ft at 20 C. 

The safe temperature difference is 

@ = 230 140 90 F 
and the mean film temperature is 


230 + 140 _ 370 _ 


bin 


From Fig. 1, at an air temperature of 185 F, the 
parameter a is found to be 0.675 x 10° and 
aL = 0.675 10° (0.00533)' (90) = 0.908 
which is less than 10° so that the expression for the heat 
transfer coefficient in the case of this horizontal “cylinder” 
will be 
h Ck (6/L)" (ap?)" = 0.45k (6/L)°-™ (ap*)? 
taking the value of n from Table V. 
Working first with 6/L, 


90 


= 16,890; (6/L)°> = 11.4 
0.00533 


Then, since 
Pp = p/pwa or p = 10/14.7 = 0.68 
ap? = 0.675 X 10° (0.68)? = 0.312 « 10° 
(ap?) > = 23.6 
At a mean film temperature of 185 F, 
k = 0.0176 Btu/ft-hr-deg 
so that 
h = 0.45 (0.0176) (11.4) (23.60) = 


The surface area of a foot of wire will be 


dL = ¢ (= eof ) (1) = 0.01672 sq ft 


12 

and therefore the safe heat dissipation at 230 F is 
2.135 (0.01672) (90) 
From the wire tables, the resistance of one foot of No. 
14 copper wire, ignoring thermal coefficient of resistivity 
considerations, is 0.002573 ohms at 20 C. The resistance 
of the wire at 110 C can be found from the expression 
R R,{(l+at —t,)] (29) 
where R,, is the resistance of the reference level f,, and 
a is the temperature coefficient of resistance at that level. 

For copper, a — 0.00393 at 20 C. Hence, 


R = 0.002573 [1 + 0.00393 (110-20)] 
0.002573 (1.354) = 0.00348 ohms 


2.135 Btu/sq ft-lhr-deg F 


Q.= hSé = 3.215 Btu/hr = 0.912 watts 


The current-carrying capacity of this wire will therefore be 

P 

I=¥ R 

which is not much higher than the 15 amp given by 

National Electric Code for No. 14 wire at these tem- 
peratures. 

Question: \f the wire just described has a layer of in- 
sulation applied to it, will the current-carrying capacity 
increase or decrease? Intuition tells us that the current- 
carrying capacity should decrease because of the added 
thermal resistance between the copper and the surround- 
ings. But will it? 

For example, suppose our No. 14 wire has applied to 
it a cotton insulation (k 0.024 Btu/ft-hr-deg F) 0.010 


in. thick. Then, for heat conduction through a curved 
surface, we have 


| 0.942 


= 97 16.5 am 
Vo.o0318. 2"! fied 


0 le ‘ 
ed (30) 
2rkL ry; 


M 


where r. and r, are the outer and inner radii of the 
insulation, respectively. 

Such a problem cannot be solved simply, since the 
temperature at the outside of. the insulation cannot be 
determined unless the heat dissipation is known. We do, 
however, have enough information to perform an iterative 
solution. We can assume a temperature at the outside of 
the insulation and determine the heat flowing through 
the insulation and transferred to the room by free con- 
vection. Since this may require a series of assumptions 
for the insulation temperature, the procedure is best 
carried out in tabular form (Table VI). 
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After three or four insulation temperatures have been 
assumed and computations made, the two computed heat 
flows are plotted as a function of the insulation tempera- 
ture, Fig. 14. The point of intersection will indicate the 
actual heat flow in both insulation and convection bound- 
ary layer and it then becomes a simple matter to determine 
the current flow in the wire. 

The heat balance performed graphically in Fig. 14 
shows a heat transfer of 3.52 Btu/hr, or 1.031 watts. 
This is the result of a current 


/ 1.031 
| = 
Vo.00348 


a value which is higher than that of the bare wire. 

Our initial, intuitive conclusion that the thermal re- 
sistance between wire and environment would increase, 
with a corresponding decrease in current-carrying capacity, 
was wrong. The foregoing calculation indicates that this 
thermal resistance has decreased. This is true because the 
increase of surface area aids the free convection heat flow 
more than the low thermal conductivity of the insulation 
hinders the heat flow through it. It is apparent that, for a 
given thermal conductivity of insulation and heat transfer 
coefficient, some optimum value of thickness will yield a 
maximum heat flow. 

Consider the conduction equation through the insulation 


V 296 17.2 amp 


9b 
O = 20k 
loge (ri/r) 
where r, is the inner radius and r is the radius to be 
optimized. 
As shown previously, the thermal resistance R is 


R . log.” 
2rkL ry 

The convection equation, Q 
resistance of R 
efficient. 

The optimum value of the radius will occur when the 
derivative of resistance with respect to radius equals zero, 
since this will yield a minimum thermal resistance and 
a maximum heat flux through the complete configuration. 
Hence 


hSé, will give a thermal 
1/hS where h is the heat-transfer co- 


Rr . loge a e 
2rkL ry 2rrLh 
dRr_ 1 | 1 
dr 2rkLr = 2xhLr’ 
from which the critical radius r, is obtained as 
r k/h 
For the insulation around No. 14 copper wire, the 
critical radius is 


= () 


k 0. 024 


_= 0.0123 ft, or 0.1481 in 
h 1.94 


whereas the actual radius is r 0.042/12 0.0035 ft, 
a value very much less than the critical. 

The addition of insulation will increase the © irrent- 
carrying capacity of the wire until the outer ‘ius of 
the insulation becomes 0.0123 ft. It must be realized, 
however, that increasing the radius reduces the free 
convection heat-transfer coefficient and .hat the calculated 
figures hold only if the heat-t-ansfer coefficient is constant 
at the value of 1.94 Btu/sq ft-hr-deg F. 

An inspection of the expression for convection, Q : 
hS6,,, indicates that for a fixed rate of heat flow, Q, and 
an allowable temperature difference, 6,,, the entire con- 
vective process is governed by the heat transfer coefficient 
h and surface area S. If we form the ratio Q/4@,, hs, it 
is seen that the product AS will control the heat transfer 
per degree temperature difference. To increase the ratio 
Q/6,,, either h or S or both must be increased. 
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Table Vi—Computations for Heat Flow in 
Insulated Copper Wire 


Pertinent Data 


On the basis of 1 ft cf 
wire 


(1) surface = rd, 
0.084 
os r( 12 /| 
= 0.022 sq ft | 


ets (ambient) 


k = 0.024 Btu/ft-hr-deg F 


2 x (0.024) 
: At for insulation 


; 0.042 
0.032 
Qines = 0.568 At 
p = 0.68 
p’= 0.462 


0.084 
12 


0.007 ft 


L = ch» 


Item I II III Remarks 

t; 230 | 230 230 given 

te 225 220 215 assumed 

At 5 10 15 t; te 

Qius 2.84 5.68 8.51 0.568 At 

te 225 220 215 assumed 

ts 140 140 140 given 

6 85 80 75 

tn 182.5 180 477..5 

k 0.01755 0.01750 0.01745 

a 0.69 * 10° 0.70 K 10°,0.71 * 10° 

6/L 12,120 11,410 10,700 0/0.007 computed 

(60/L)* 10.49 10.34 10.17. | computed 

ap’ 0.318 X 10°0.323 & 10°0.328 * 10° 0.462a 

(ap*)! 23.70 23.75 23.80 computed 

h 1.965 1.935 1.900 0.45 k (ap*)® 
(@ /)o -%6 

O tree 3.68 3.41 3.14 hS@ = 0.022 hé 


V6 (te + ts) 
property of air 
property of air 


OOnNauflwnrP 


onsmitted as 


Through free convection 
off insulation 


4 
3.52? Btu/hr 
ot 223.7 t 


4 18 222 26 230 
Assumed insula temperature, deg F 


Fig. 14—Establishment of equilibrium temperature in an insu 
lated wire by heat balance. 





It is not easy to increase the heat-transfer coefficient by 
a significant amount unless a fluid with superior heat- 
transfer properties is substituted for the original or the 
fluid velocity is increased. Inspection of the several corre- 
lations shows that the fluid velocity must be more than 
doubled to increase the coefficient to twice its former 
value since in most cases 

h = f (Rey* = f(V)* 

A two-fold increase in fluid velocity also results in 
about a four-fold loss in pressure in forcing the fluid 
through the configuration. This means that the fluid head 
required must be about four times its former value. Since 
the fluid would have to be circulated by a pump or blower, 
enormous penalties in weight, price and power would 
have to be tolerated. 


Effectiveness of Cooling Fins 


A better method for aiding the heat-transfer process 
is by providing additional heat-transfer surface. Care, 
however, must be exercised in making components or 
configurations larger because the heat-transfer coefficient 
varies inversely with the significant length dimension. One 
method of adding surface without decrease of heat- 
transfer coefficient is through the use of extended surface 


Spine or peg 


Radial 


aes Triangular 


Fig. 15—A variety of fin configurations. 








Fig. 16—Dimensions of a straight fin of rectangular profile. 
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or fins. This method usually results in an enormously 
effective surface increase without an appreciable reduction 
in heat-transfer coefficient. In fact, many correlations 
based on the equivalent diameter of a configuration will 
show an increase in heat-transfer coefficient with an 
increase of the number of fins. 

As shown by Fig. 15, several types of fins can be used. 
One type which lends itself to simple mathematical analysis 
is the straight longitudinal fin of rectangular profile shown 
with significant dimensions in Fig. 16. A heat balance 
can be performed on the small segment of fin of length 
Ax by equating the heat entering with the heat leaving. 
In accordance with the Fourier law of heat conduction 
[Eq (1) recast], the heat entering will be 


dl 


dr 


Ol. kA (31) 


and the heat leaving will be 


dl 


Q | 2442 —kA, 
dz | 


(32) 
z+Az 
Heat will also leave the fin by convection in accordance 
with the relationship 
0. hS (t — ta) (33) 
Now, since 
1.=68L 
S = 2LAr (ignoring the thickness of the fin) 
6 t 14: dé dt 


a heat balance will yield 
Ql2=QlaaetQ | 

dé | — kal. dé | 

dz|, | dr} ..a, 

from which we obtain the differential equation in the 

limiting case as Ax approaches zero: 


or kb + hLAzx6 (34) 


dé | _ dé 
dz | ,,4, dr}, oe. 2h » (35) 
ar dz? ki 
In general, the solution to this differential equation 
will be 
Ae™= + Be-m= (36) 
where 
m = V2h/ki 
The foregoing equation (and its general solution) is 
based on several important assumptions: a perfect bond 
between base surface and fin, a constant heat-transfer 
coefficient over the entire fin length, no temperature 
gradients along the length or thickness of the fin, constant 
thermal conductivity, and no heat flow out of the sides 
or the ends of the fin. 
Two important boundary conditions are 
assumptions with respect to Fig. 16: 


based on 


dé 


ar 


atgr 0,0 = 0o0r 


atr = b,0 = 6 


dé 

dz 
and in particular, at x 0, A B 
so that 


= Ame” » Bme mr 


0(b) = Aem + Bem = A [em 


O 


lem +e 


{ mb) = B (37) 


The solution, then, for any temperature difference, 6, 
as a function of the distance from the edge, will be 


O 


[pmb mb 
[em +e@ —m] 


[emz + e-mz] 6 coshmr (38) 
coshmb 


6 


ELECTRICAL MANUFACTURING 











me 


h = /5 Btu/sq ft-hr-deg F 

——+ kh = 225 Btu/ftt-hr-deg F 
(copper) 

&=///6in 

b=2m. 
































— 


050. #4100 |50 
Distance from base, in 


Fig. 17—Temperature pattern in straight fin of rectangular 
profile. 


In Fig 17, Eq (38) is plotted for the specific conditions 
of a copper fin (k 225 Btu/ft-hr-deg F), 1/16 in. 
thick and 2 in. long in a forced-air cooled environment 
with the heat-transfer coefficient h 15 Btu/sq ft-hr-deg 
F. The ordinate is the ratio 4(x)/@, and the abscissa is the 
distance from the base of the fin. 

Inspection of Fig. 17 shows that a problem exists in 
applying the data dictated by Eq (38). If we wish to use 
the convection equation, Q hS0,,, what temperature 
difference will apply since the temperature varies over 
the entire fin? This question is quite simply answered by 
the use of a fin effectiveness factor which will allow the 
temperature difference at the base of the fin, 6,, to be used 
with an appropriate adjustment in surface area. Stated in 
another way, let us presume that the entire effective sur- 
face area operates at @,. The effective surface area will 
then be less than the total area by the relationship 


‘, 
Ss 


” 


where 7 the tin effectiveness 
S, elective surface area, sq ft 
S = total surface area, sq ft 


The effectiveness will also be the ratio of the actual 
heat transferred to the ideal heat transferred if the entire 
fin operated at 4), or 


2Lh / 6dr 214, / coshmrdr 


n : 
ASO, 2bLA, coshmb 


since § 2 bL. 


The effectiveness, y, is therefore 


1 {sinhme}! sinhmb tanhmb 


(39) 


mb coshmb mbcoshmb mb 


The complete equation for heat transfer by convection 
from a straight fin of rectangular profile that takes into 
account the loss in conduction through the fin then be- 
comes 

O = hnS6, (40) 
where the effectiveness (y= tanhmb/mb) is plotted in 
Fig. 18 as a function of the parameter mb. 
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Fig. 18—Fin effectiveness plotted as a function of mb. 


Many types of fins are used. Each arrangement has its 
own effectiveness equation which may be obtained by a 
similar mathematical method often, however, with much 
greater difficulty. Many standard references or the valu- 
able paper by Gardner (9) can be consulted for state- 
ments of the effectiveness expressions in each case. 


Example of Fin Cooling 


As an illustration of the enormous effectiveness of using 
fins, let us again consider the example of the 5 in. x 2 in. 
diam inductive coil. When dissipating 75 watts at a tem- 
perature of 250 F, this coil was cooled satisfactorily with 
the application of about 55 cfm of air at 80 F. 

Now let us presume that to raise its dissipation to 125 
watts with the same temperature limit the coil has had a 
thin steel shell of 2 in. OD applied to its periphery and 
that it is installed in an outer shell of 3 in. ID. Suppose 
only 24 cfm of air at 80 F is blown through the annular 
space between the two shells. If the cooling is not ade- 
quate for this arrangement, straight fins of rectangular 
profile can be added to the inner shell (Fig. 19). It is 
required that they be fabricated of steel with dimensions 
of %6 in. high and 4 in. thick. The number of fins is 
at the discretion of the designer. 

The first step is to obtain a correlation of heat transfer 
data for the configuration of the annular space with and 
without fins. Consulting the literature, it is found that 
the Sieder-Tate correlation (Fig. 13) can be used for the 
annular space without the fins. When the fins are applied, 
the data of DeLorenzo and Anderson (/0) are applicable. 
This correlation is plotted as Fig. 20. 

In either correlation, the significant length dimension 
d,, which appears in both the Reynolds and Nusselt Num- 
bers, is the equivalent diameter which relates the par- 
ticular cross section to a circular equivalent. The equiv- 


No fins n fins (n= 4) 


Fig. 19—Annulus with and without fins. 





Table Vil—Work Sheet for Longitudinal Fin 


Calculations 


24 cfm @ 80 F 


1.754 Ib/min 


W = 1.754 (60) = 105.2 lb/hr ¥ 


L 5 in. 0.417 ft 
0.25 ft 


0.167 ft 


d 3 in. 

d 2 in. 
7/16 in. 
1/32 in. 


0.0272 


0.525 
0.208 


_— 


(, tm, k (Pr) 
@ tm, < 
pV=Ge=w/A, 
Re d.G/u 


3870 
16,750 


J 60 


h 4.33 


Sy 
nSy 
Sr 0.218 


hS;/wC 0.0374 


/ 


efs/wCy | 1 0382 


100.7 
80.0 
20.7 
0.0382 
542 


0.0364 ft 
0.0026 ft 


16 


0.0264 


1.108 1.681 


0.0955 | 0.0609 


427 | — 


88.5 
250 


169.3 
0.0150 
0.0482 

3990 4110 
7910 5200 


29.6 19.1 


4.64 


11.95 12.04 
0.435 440 
0.941 940 


0.209 200 


0.243 486 
0.228 457 
0.437 657 


0.0797 | 0.1222 


1.0831 1.13 


105.1 109.6 


80.0 80.0 
25.1 29.6 
0.0831 0.13 


302 227 


0.0256 | 


| WP 


Annulus with 


fins n=2 


Remarks 


assume number of 
fins 


A, = 1/4 (d,?— d,”) 
nb 6 


rd; + 2nb 
d, 4A,/WP 


Q Btu/hr 
3.413 watts 


At = Q@/wC, 
C, = 0.241 


ti 80 F 
te 80 F + At 
fav (t; T t.)/2 


, assumed to be 
250 F 


t (fav 
Fig. 1 
Fig. 1 
compute 
calculate 


Fig. 17 or Fig. 24 


jk(Pr)'“3 
d, 
m V 2h/ké 
compute 
Fig. 22 


S: (rd, — ndb)"L 


S; 2nbL ft? 
compute 
Ss: = S, 


compute 


log table or slide 


rule 
compute 
t; 80 F 
compute 
compute 


t, = (Ft 
(F — 1) 


alent diameter is obtained by considering a circular cross- 
section and postulating that 

KA, 

WP 


area for 


d,=d= 


The _ cross-sectional flow and the wetted 
perimeter (WP) will be 
A, = 2x d?/A 


and WP = rd 


The equivalent diameter is then 


d, Krd?/A _ K 


rd 4 
from which K 4, so that d, d. 
With a finned annular cross section containing n fins, 
the cross-sectional area for flow is 


nbé 


™ (d,? 
( 
and the wetted perimeter for heat flow can be evaluated as 
WP = rd; + 2nb + nb — nd rd; + 2nh 


so that the equivalent diameter is 


- dy?) — nb ] 


rd; + 2nb 


The detailed calculations using the two correlations are 
shown in the work sheet of Table VII. Here we have 
determined the surface temperature for the annulus alone 
and then for two fin quantities, 8 and 16. Since the inner 
shell is heid at a substantially constant temperature over 
its entire length, a simple normalizing technique has been 
used to arrive at this temperature. This is with regard to 
the factor, F, which appears toward the bottom of the 
table. 

If the surface temperature is held at ft, over the entire 
length and the extreme air temperatures are ¢, (entering) 
and ¢t, (leaving), then a balance must occur between 

0 wl, (le i) 
and 
0 ASr Om 


where 


Lie} a 
t 1Z ongitudinal fin 


jheor transfer 


K {/©C 


+ 
+ 
+ 
+ 
+ 


+} 
++44444 


+ +e tete + 
| 
i 
10.000 
DeG 
fm 


00,000 


Btu/ sq ft-hr-deg F 

= thermal conductivity of fluid Btu-ft/sq ft-hr- deg F 
=equivalent diameter ft 

Btu/ib-deg F 

Ib/hr-ft 


heat transfer coefficient 


= specific heat of fluid 
viscosity of fluid 


=viscosity of fluid at wall temp Ib/hr- ft 


= mass flow 


. 20—Plot of heat transfer from a longitudinal fin. 
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= Sp + nSy 
= [(rd; — 1 6) + 2nby|L 


ly — by 
t,— 4, 
t, — ls 
Equation (41) can be adjusted to yield 


ASr 
wl, 


” i, —1, 
log, : 
t,—t 


wl, (le — bh) = AS7Om = hSr - 
log. 


| Pi | hSr 
| zr, oi 1 on . 
os t4-h wl, 


which, after taking antilogs, gives the simple exponential 
l, -" t, — F ee hS7T/wCp : 9 
=F =e ‘ (12) 

ts —t 


Equation (42) may then be evaluated to obtain the 
surface temperature 


F(t, — ts) 
= Fi, —(, 
_ Fle — ty 
 F=1 

The work sheet of Table VII shows that without fins the 
annular arrangement is hopeless. The addition of only a 
few fins yields a considerable difference in surface tem- 
perature and if 16 fins are added, the arrangement gives 
more than adequate cooling. When placed on the 2 in. 
diam inner shell, the 16 fins will be spaced on about a 
*Y4-in, pitch, a distance which could permit inexpensive 
machining or die casting. 

This simple illustration has been used to emphasize 
the importance of auxiliary or extended surfaces. Other 
fin arrangements are possible with associated weight sav- 
ings and high efficiency. For example, the triangular fin 
shown in Fig. 15 would give about the same effectiveness 
with about half the additional weight. Clearly, the type 
of fin depends on the configuration to be used. 


(13) 


Heat Transfer by Radiation 


Thermal radiation is the third and final mode of heat 
transfer to be discussed. There has yet to be proposed a 
theory concerning the mechanism of thermal radiation 
which considers all of the aspects of the phenomenon. 
Many observations, however, have been best explained 
by the concept of the electromagnetic wave since the 
mechanical theory of heat postulates that temperature is 
a reflection of the kinetic energy of the molecular par- 
ticles of matter. 

The existence of such a mode of heat transfer is readily 
demonstrated by placing the hand under a hot radiator. 
Convection currents set up will cause the heated air to 
rise away from the hand. Heat is being received by the 
hand in the form of thermal radiation directed downward 
in Opposition to convection currents and without a heat- 
conducting path. 

Since temperature is a measure of the kinetic energy of 
molecules, the displacement of the molecules can be con- 
sidered as the emission of charged particles (electrons) 
which propagate as an electromagnetic wave at a fre- 
quency depending on the original disturbance (tempera- 
ture) within the molecule. Such an electromagnetic wave 
would proceed at a velocity dependent on the medium 
and at a constant frequency in accordance with the 
relationship 

V=fnr 

In a vacuum, this velocity would be the speed of light. 

Radiant energy behaves like light. Consider an inci- 
dent beam of radiation on a surface as shown in Fig. 21. 
This radiation may be specular, in which the angle of the 
light-incident beam will equal the angle of the reflected 
beam with respect to the normal to the surface. On a 
rough surface the radiation may also be diffuse. In either 
case, however, if we consider a unit incident beam, part 
will be reflected, part will be absorbed and part will be 
transmitted by the material in accordance with the rela- 
tionship 

pra t T= I 
where p is the reflectivity, a the absorptivity and 7 the 
transmissivity. 

Since solid and liquid materials absorb nearly all of 
the incident energy not reflected in a relatively thin Jayer, 
very little energy is transmitted so that 

r=Oandp+a=1 

Consider a surface at which the reflectivity is zero and 
all the incident radiation is absorbed. Such a surface is 
termed a black body not because of its color, but because 
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Fig. 21—Thermal radiation is similar to light reflection, 


a black surface absorbs all light rays incident upon it. 
There are surfaces which absorb nearly all thermal radi- 
ation but do not appear black, such as melting snow, 
porcelain and some types of paper. 

Next consider a black body surface totally enclosed by 
a region at the same absolute temperature, Fig. 22. The 
heat radiated by the “black” surface will be equal to the 
heat radiated by the wall of the enclosing surface; other- 
wise the enclosed body would change in temperature, 
a condition forbidden by the postulation that the two 
surfaces are at the same absolute temperature. The heat 
radiated per unit time from a unit surface can be denoted 
by H and termed the emissive power. 

If we consider a unit area and if the black body radi- 
ates H H,,,, the amount of heat impinging on the black 
body from the surrounding surface must also be H/,,. If 
the black body is replaced by an identical body in size 
and shape and at the same temperature but with absorp- 
tivity a, the second body will receive 

Hh, = a Il, (11) 

It is seen, then, that the ratio of the emissive power of 
any body to the emissive power of a black body will equal 
the absorptivity of the second body. The ratio of the 
heats radiated per unit time for a unit surface (emissive 
powers) between any body and a black body is termed the 
emissivity, «, which may be written in the form 

€ a (15) 


Fig. 22—Black body en- 
closed by a region at the 
same temperature, 





Fig. 23-—Measurement of 
radiation within a_ unit 
sphere. 


The radiation from a unit surface in a particular direc- 
tion in space can be measured by determining the amount 
of heat passing through an element of surface area of a 
sphere around the radiating element. The spherical area 
can be defined in terms of the solid angle subtended so 
that the radiation in the direction considered can be 
represented by 


dif 


dw 


(16) 


which defines i as the radiation intensity. 

If the measuring surface and differential solid angle 
for a black body enclosed in a sphere of unity radius have 
the orientation shown in Fig. 23, the radiation intensity 
will be 

ly lyn COS B 
and the total heat radiated from the black body per unit 
surface area can be found by 


. or 
II, / iy dw 2rt, / cos8 sing dB Thon (17) 
. * u 


The radiation from a heat source at a given temperature 
can be dispersed into a spectrum by a prism or other 
suitable device. Sensitive measuring instruments will show 
that the energy within the spectrum is distributed regu- 
larly among the various wavelengths present. The rela- 
tionship between the radiation intensity i for a particular 
wavelength and source temperature was determined by 
Max Planck while formulating his quantum theory as 

iy aes - Btu sq ft-hr-u (18) 
where A is expressed in microns. 

A plot of Eq. 48 is shown in Fig. 24 in which the 
monochromatic radiation intensity id is plotted as a func- 
tion of wavelength A with the absolute source temperature 
T as the running parameter which establishes a family of 
curves. The dashed curve represents the radiation intensity- 
wavelength characteristic of a body at 11,000 R, which 
~i8 the estimated temperature of the sun. 

If a heating coil has a temperature of 1440 F (1900 R), 
it will appear glowing red. As the source temperature is 
increased, more of the radiation intensity will lie in the 
visible region and the color will increase in brightness. As 
the apparent temperature of the sun is approached, it is 
seen from Fig. 24 that the wavelength at which the maxi- 
mum radiation intensity occurs lies within the visible 
spectrum. 

If Eq (48) is differentiated with respect to AT, the 
Wien Displacement Law is obtained 

Amax 7’ = 5190 (A — deg R) (49) 
which states that the maximum value for radiation in- 
tensity moves with increasing absolute temperature to 
shorter wavelengths. 

Planck’s Eq (48), when integrated with respect to 
wavelength between the limits 0 and ©, will yield the 
radiation intensity over the entire range of wavelengths. 


os 1.16 X 108 A“ da 
: [ i, dy 7 2,707) T— (50) 
e 0 0 


A/ where A 25,740/T. Then A A/z and 
A/z? dz. 


B DD @ 
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Fig. 24—Intensity of radiation (monochromatic  emissive 


power) as a function of wave length. 


With the appropriate reversal of limits, Eq (50) then 
becomes 


; 1.16 K 108 23 dz 1.16 & 105 
z(e | Iz 
7 A‘ (es 1) 1! | ( y ¢ 


However, (e? — 1)! can be expanded into 


(e? — 1) : 


so that 


jn tS 2 (e-* +e 
14 


Reference to a table of definite integrals will show that 


/ 2" e** dz ni /an*! 


and an integration, term by term, can be performed to 


yield 
: 1.16 X 10° / 3! , 3! 
: {4 14 «(94 


j= [EX] 64 dey 
A‘ 16 él 25 


Since A 25,740/T and 
a 6.45 


l | 

6}14 } 

[ 1 81 256 

we arrive at 

_ 6.45 * I 16 x 108 610-9 74 G1) 
(25,740/T)* 

the Stefan-Boltzmann Law. 

The heat flow from an ideal black body at some tem- 
perature T, to a receiving ideal black surrounding area 
at a temperature T, can now be seen to be 

0 =aS(Ts — Tr’) (52) 
where S is the surface area of the source and go is the 
Stefan-Boltzmann constant [1.732 10°° from Eq (51)]. 


i 
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If, however, neither the source nor the receiver are 
ideal black bodies and the incident radiation from one 
of the bodies is only partially intercepted by the other, 
Eq (52) can be adjusted to give 

Q=aS Fa ke(Ts' — Tr’) (53) 
where F, is an arrangement factor which takes into ac- 
count the orientation of the surfaces engaging in the 
radiant energy interchange and F, is an emissivity factor 
which accounts for the non-ideal black body character- 
istics of either or both of the surfaces. 

Arrangement and emissivity factors for many common 
configurations are tabulated in Table VIII. This table is 
a very small segment taken from the work of Hottel. The 
surface area to be applied is also given. Table IX gives 
values for the normal total emissivities of the surface of 
several materials, also based on the work of Hottel. Emis- 
sivities in general are low for highly polished metals and 
high for most nonmetals. The emissivity of most sub- 
stances increases with temperature and varies widely with 
the condition of the surface. 

In the light of this qualitative discussion of radiation, 
let us return to our wire example. It will be recalled that 
the current-carrying capacity of No. 14 bare copper wire 
was found to be 16.5 amp when the wire is permitted to 
attain a temperature of 230 F in a 140 F ambient, based 
on convection considerations only. The wire, however, will 
dissipate heat to the surroundings by convection and 
radiation. The total heat dissipated must be the sum of 
the heat transferred by the two modes, 

0 =O0ct+Or 
where the subscripts C and R refer to convection and 
radiation, 

The wire can be considered as a very small body in a 
very large enclosure so that the area, arrangement and 
emissivity factors can be found by consulting Table VIII 
or the source material of Hottel which can be found in the 
many standard heat-transfer treatises. From Table VIII, 

I4 1.00 

Pe =e 

S surface area of wire (body 1) 
0.01672 sq ft for 1 ft of No. 14 wire 

From Table IX the emissivity of copper (commercial 
grade) is found to be 

« = 0.030 = F, 

The rate of heat flow by radiation will be 

0 o F4 Fe S(T 5! Tr') 


Table Vill—Radiation Factors for Radiaticn 
Between Solids 


Surfaces Area,S Fy, 


Infinite parallel planes S; S 


Completely enclosed small 
body, Si, compared with 
large enclosing body, S 


Completely enclosed body, 
S;, large compared to en- 
closing body, S: 


Concentric spheres, S, inside S 


Infinite concentric cylinders 
S inside S 


Table IX—Normal Total Emissivities, «, of Several 
Surfaces 


Material Material 


Aluminum rick 
pure, silica glazed | 2012 
polished | 440 0.039 
| 1070 057 |Enamel, white 66 


deg F deg F 


Brass 
highly 
polished 476 028 
674 0.031 JOak, planed 70 
dull plate 120 22 


Glass, smooth 72 


Paint 
Copper oil 212 
polished 
with oxide 
layer 
commercial 


aluminum 212 


Lacquer 

Iron and steel black 
polished 

iron 350 


440 


white 


cast iron 
polished 392 
ground sheet 
steel 1720 5! 
2010 Plaster 


Paper 


Nickel 
pure, 
polished 440 Rubber 
710 hard glossy 
soft gray 
Asbestos 


board Water 


Brick 
red, rough 


where 
T's = 230 + 160 
Tr 140 + 460 600 BR 
0 1.732 * 10°" (1.00) (0.030) (0.01672) (6904 — 600‘) 
3.70 XK 10-" (2270 XK 10° 1296 & 105) 
$.70 * 10° (974) 8160 « 10 0.0816 Btu/hi 

It is thus seen that radiation increases the current- 
carrying capacity of the wire by only a negligible amount 
because of the low temperature differential between wire 
and surroundings and the low emissivity of bright copper 
wire. 

Now. consider the case of a third layer (of negligible 
thickness) of black lacquer applied to the wire. The emis- 
sivity of this lacquer is about 0.90. The heat transferred 
by radiation will then be 

0 1.732 * 10° (0.90) (0. O1672) (974 & 10%) 
2.62 K 10~'' (974 XK 104) 
2.54 Btushr 
The safe heat dissipation for the wire is now 
0 $b. 215 ot 5.755 Btu/her 


and the current carrying capacity will now be 


690 K 


1.689 watt~ 


iP / 1.689 os 
Vr No.o0319 ~ ¥ 484 = “* amp 

This hypothetical problem has illustrated ‘the manner 
in which the emissivity of a surface can be made to work 
to the designer’s advantage. It has also shown that, at 
least in one case, the heat transferred by radiation amounts 
to over 40 per cent of the total by convection and radi- 
ition combined 

All of the sample calculations and problems presented 


in this article are fictitious and were constructed to prove 


certain points and to illustrate various computational 
techniques. The literature contains many articles that show 
how heat-transfer techniques can be used in minimizing 


the high-temperature problems that frequently occur 
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Symbols and 


a free or natural convection variable 
cross-sectional area, sq ft 

fin width, ft 

specific heat in general, Btu/lb-deg F 

specific heat at constant pressure in particular. 
Btu/Ib-deg F 

diameter, ft or substantial derivative (differential) 
Naperian base, dimensionless 

electromotive force or potential, volts 

function or stress, lb/sq ft 

force, lb 

conversion of energy units from mechanical to thermal 
system, lb-ft?/Btu-hr? 

radiation factor 

acceleration of gravity, ft/hr- 

mass rate of flow, lb/sq ft-hr 

heat transfer coefficient, Btu/sq ft-hr-deg F 

radiation emissive power, Btu/sq ft-hr in solid angle 27 
radiation intensity, Btu/sq ft-hr 

electrical current, amp 

a heat-transfer parameter, dimensionless 

thermal conductivity, Btu/ft-hr-deg | 

thickness of a wall, ft 

length of convective path, ft 

free convective length parameter, ft 

fin length, ft 

fin performance parameter, 1/ft 

number of entities (fins, walls in series, ete.) 


~~ * 


~— 


=: 
= 


pressure, lb/sq in 

pressure ratio, dimensionless 
perimeter, ft 

heat, Buu 

rate of heat flow, Btu/hr 

radius, ft 

resistance, electrical in ohms, thermal in deg F-hr Btu 
surface area, sq ft 

temperature, deg F 

absolute temperature, deg Rankine 
velocity, ft/hr 

“u flow rate, lb/hr 

WP wetted perimeter, ft 

x a length coordinate 


~~ —s = 
ee ~~~) 
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Nomenclature 


y a length coordinate 
z a mathematical variable 


Greek Letter Symbols 


absorptivity coefficient, dimensionless 

volumetric coefficient of thermal expansion, 1/deg R 
an angle 

Stefan-Boltzmann const., 1.72 x 10" Btu/sq ft-hr-edeg R4 
a change in 

fin thickness, ft 

emissivity, dimensionless 

latent heat of vaporization, Btu |b 

wavelength, microns 

fin effectiveness or efficiency 

resistance, ohms 

reflectivity coefficient, dimensionles- 

density, lb/cu ft 

transmissivity coefficient, dimensionless 

time, hr 

viscosity, lb/hr-ft 

temperature difference, deg | 

angle of incline of condensing surface, deg 

solid angle 


Subscripts 


A arrangement 
base of fin, black body 
convective mode, critical condition 
convective mode 
equivalent condition 
Naperian base 
mean condition, interface condition 
original or base condition 
outside conditions 
constant pressure 
radiation mode or receiver of heat 
surrounding conditions or shear stress 
source of heat 
some position along x-coordinate. 
tional area 
inlet and outlet conditions 


indicates cross-see- 
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Simple 

Sensing 
Relay 
U 


The ferroresonant relay. When the main magnetic circuit 


saturates, the relay operates by leakage flux. 


ses Ferroresonant Circuit 


The nature of ferroresonant circuits has 
long been known, but the principles have 
not had extensive application. Sensitive 
discriminating properties can be provided 
in a relay that is also rugged and low in 
cost by taking advantage of the charac- 
teristic non-linearity of an iron-cored in- 
ductance. A simple and reliable temper- 
ature-sensing system for appliance use 
is one particular application of the fer- 


roresonant relay. 


LEO L. WEBER 


Electrical Engineer 
R-B-M, Division, Essex Wire Corroration 
Logansport, Indiana 


In 1932, C. G. Suits published a paper on ferroresonance 
which clearly outlined the parameters and performance 
of ferroresonant circuits. The paper was the result of 
extensive work to produce an inexpensive power line 
voltage-sensitive relay. Essentially, a ferroresonant cir- 
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cuit comprises a self-saturating choke and a capacitor 
in series across the line. At some particular line voltage 
the inductance and the capacitor go into ferroresonance, 
saturating the former. The addition of a relay frame 
to the choke so that it and the relay have a common 
coil results in a ferroresonant relay. The relay arma- 
ture will then operate with the relatively large flux 
change resulting from the ferroresonant condition. 

Non-linearity of an iron-cored inductance is the key 
to operation of the circuit. The volt-ampere characteristics 
of the circuit parameters are indicated in Fig. 1. The 
familiar magnetization or B/H curve of an iron-cored 
device is evident from the volt-ampere characteristic of 
the inductance. The effective impedance of an iron-cored 
inductance through one line-voltage cycle is shown in 
Fig. 2. As the peak of the impedance curve is reached, 
the current through the inductance for a given instantane- 
ous line voltage will increase rapidly. 

A circuit consisting of an iron-core inductance and a 
capacitor in series across a line will have a volt-ampere 
characteristic as shown in Fig. 3. As the voltage is 
raised from zero to a, the current will increase in a linear 
manner. The capacitor and inductance are in simple series 
resonance, with the inductor reactance greater than that 
of the capacitor. The current through the circuit will 
then lag the applied voltage. As the voltage approaches 
point b, the current is still lagging and the voltage 
across the capacitor is large compared to that across the 
inductance. At point b, a small increase in line voltage 
substantial current as the 
impedance of the inductance has passed point b, Fig. 2, 


will give a increase in 


143 





8 


Current, mo 


100 
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Fig. 1—Volt-ampere curves for a linear resistor, a linear 
capacitor and a non-linear (iron-cored) inductance. 


and is now decreasing. Simultaneously, an increase in 
resonant current increases the resonant voltage and the 
cycle continues. In approximately 2 cycles of the line, 
at 60 cycles, the current will increase by a ratio of 10 
to 1, and of course the flux through the inductance will 
increase correspondingly. As the voltage is increased 
beyond point c, Fig. 3, the current will increase in a 
linear manner along the line e, c, d. 

At point b the iron was very near saturation; and 
obviously, after the current rises by a factor of 10 to 
point c, the inductance will be completely saturated, 
resulting in a substantial leakage of flux. This leakage 
flux is utilized by placing a relay frame through the 
choke coil and assembling conventional armature and 
insulators to the frame. Since the relay magnetic circuit 
is a very weak secondary magnetic path, its effect upon 
the magnetic path of the choke can be considered 
negligible. Special precautions are taken to make sure 
that the relay has an inefficient magnetic circuit. 

Let us assume that the ferroresonant circuit is tuned 
to 100 volts. At 99 volts there will not be any flux 
through the relay frame as the choke is unsaturated—in 
fact, the armature can be closed manually and will not 
seal. However, when the line potential is raised one volt 
the circuit will go into saturation, providing sufficient 
leakage flux to operate the relay armature. These char- 
acteristics are ideal in that the pick-up and drop-out 
of the relay are entirely dependent on the resonant and 


dissonant voltages of the ferroresonant circuit. Relay 


operation is relatively independent of spring pressures, 
air gaps and core materials. These features insure the 
reliability, stability and accuracy of this device over a 
long period of time. 

The circuit pick-up, which has been the prime con- 
sideration thus far, is automatically adjusted by balancing 
the inductance to the capacitor prior to relay assembly. 
The drop-out of the circuit is the point at which a small 
drop in line voltage produces a large drop in resonant 
current and the circuit will drop out of ferroresonance. 
In Fig. 3 this is represented by point e, where the current 
drops to point a. 

A simple series resistor added to the circuit will 
increase the drop-out voltage of the resonant circuit 
without appreciably changing the pick-up. In the low 
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Instantaneous volts 


Fig. 2—The effective impedance of an iron-cored inductance 
throughout one applied voltage cycle. 


current state prior to resonance, the value of the resistor 
is small compared to the impedance of the choke. In the 
resonance condition, with the resulting high current, the 
resistor can limit current and thereby change the drop- 
out voltage. 

The normal drop-out of the circuit in the particular 
relay design is approximately 66 per cent of the pick-up. 
By adding a series resistor it can be brought within 93 
per cent of the pick-up. Pick-up values will change 2.5 
per cent during this 33 per cent change in drop-out. 


Application. The application possibilities of this relay 
are quite numerous. It is not a general-purpose relay, 
nor can it compete in cost with high-production general- 
purpose relays. It is an a-c device limited to 1-pole, 
normally open configuration because of its inherently 
limited power. In some applications the relay can replace 
two devices, thereby offering a cost savings plus a 
dividend in reliability. 

A natural application for this device is as a voltage- 
sensitive relay. Accuracies of 3 per cent can be held 
with little trouble. With careful component selection 
and improved manufacturing techniques, +1 per cent 
could be obtained although with an increase in cost. The 
resonant voltage can be changed in a circuit by adjusting 
the capacitor, producing additional flexibility. 

Adjustable drop-out of a relay is a rather unique 
characteristic of the ferroresonant relay. A series re- 
sistor, which can be variable, added to the circuit will 
change the drop-out of the relay, leaving the pick-up 
unaffected. An obvious application of this feature would 
be for undervoltage protection of equipment designed to 
operate within a specific range. A pulsing circuit has been 
worked out for manual restarting that will not pick up 
until a button is released. Characteristic curves of relay 
performance with variable resistance can be seen in 
Fig. 4. 

Certain types of equipment demand reliability and 
accuracy over long periods of time. The ferroresonant 
relay can certainly qualify for this type of service. 
Laminations and coil are epoxy impregnated, and can be 
expected to perform as well as any magnetic amplifier. 
Extremes of humidity and temperature do not affect the 
operation by any measurable degree. Changes in coil 
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Current, amp 


Fig. 3—Volt-ampere characteristic of a ferroresonant circuit. 


temperature, of course, change the resistance of the coil 
and result in a small change in the drop-out voltage. 
This can be compensated with a negative temperature 
coefficient resistor. 

Occasionally in relay circuits a relay must pick up at 
a very low voltage and remain energized as the line volt- 
age rises substantially. Naturally, conventional relays are 
limited because of coil temperature rise. The ferroresonant 
relay is not so limited, because initially the coil rise will 
be 15 C at pick-up voltage. The unbalanced resonant 
circuit limits the power through the circuit. Line voltages 
at 400 per cent of pick-up result in a very nominal 45 C 
relay at a line 


coil rise. Operation of the ferroresonant 
voltage just below pick-up value is also entirely safe. In 


contacts 


Resistive Relay 
transducer contacts 


Fig. 5—Ferroresonant relay circuits for control using resistance transducer 
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Fig. 4—Performance curves of ferroresonant relay with vari- 
able series resistance. 


this particular condition non-resonant current is very low. 
Here again, conventional relays cannot operate satis- 
factorily without overheating, as coil currents rise con- 
siderably until the armature seals. 

Low-voltage control of the relay from an isolated cir- 
cuit is quite simple with this device. A second coil of low 
turns is added to the choke coil. By simply shorting this 
coil, the relay will drop out. The capacitor will then 
limit the relay current to a very low value preventing 
overheating. Many interesting: applications are im- 
mediately evident for low voltage control, such as remote 
lighting, thermostat circuits, remote appliance control 
and liquid-level control. 

The question naturally arises as to what happens if the 


Primary lE ; 


Load 


Fig. 6—Current-sensitive ferroresonant relay. 


for sensing temperature, pressure or other variable. Manual circuit, left, must 


be re-set; circuit at right is automatic. 
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Fig. 7—Pick-up and drop-out voltages of ferroresonant relay with d-c saturating 


control winding. 
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Dropping impedance 
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Fig. 8—Ferroresonant flop-flop circuit. 
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Series resistance 


Parallel circuit resistance 


Fig. 9—Performance characteristics of ferroresonant relay as functions of various circuit parameters. 


shorting switch of the low-voltage control is replaced by 
a variable resistor. This resistor reflects into the primary 
as resistance and has the same effect as the resistor of 
Fig. 4. The very convenient characteristic of drop-out 
change without pick-up change prevents the resistor from 
controlling the relay “on” and “off.” If the relay were 
used in a 2 per cent voltage-regulated circuit, the pick-up 
and drop-out could be controlled from a variable im- 
pedance. If the voltage rises considerably above natural 
pick-up of the relay, this circuit will still work, but not 
very accurately. In this particular instance the nature 
of the impedence, its rate of change and its linearity will 
be big factors. Some of the newer temperature, pressure, 
humidity and motion transducers offer interesting pos- 
sibilities for control with the relay. 

A manual reset type of circuit wherein the relay drops 
out and is electrically or manually reset is quite possible 
and practical with the ferroresonant relay. Circuits for 
automatic and manual operation are shown in Fig 5. 
The automatic control circuit of Fig. 5 will perform well 
in a circuit with + 10 per cent voltage regulation. 

In all of the discussions the ferroresonant relay has 
been treated as a voltage-sensitive device. However, it can 
by minor alteration be made current-sensitive. A small 
number of turns will, through transformer action, ener- 
gize the inductance and permit the ferroresonant circuit 
to work in the described manner. A current-sensitive 
circuit is shown in Fig. 6. 
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Blanket 


Temperature 
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Fig. 10—Circuit of electric blanket control using ferroresonant 
relay. 
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If a relay is equipped with a secondary winding and 
d-c is impressed on this winding, pre-saturation can be 
applied to the relay, changing its pick-up voltage but not 
affecting its drop-out voltage level. This phenomenon can 
be exploited whenever d-c is available as a signal from 
an amplifier. The characteristics of such a circuit are 
shown in Fig. 7. 

Two ferroresonant circuits in parallel operating from 
a fixed line with a dropping resistor have rather unique 
characteristics. This is what is commonly called a fer- 
roresonant flip-flop circuit. By the proper choice of cir- 
cuit parameters, only one ferroresonant circuit at a time 
will be in resonance. By external means such as a pulse, or 
shorting out of the resonant circuit, the two relays will 
change states. A very simple way of achieving this is to 
wind a low-voltage coil on each ferroresonant relay and 
connect these in parallel through a pushbutton. A push 
of the button will cause the relays to change resonant 
states. A schematic for a ferroresonant flip-flop circuit 
can be seen in Fig. 8. The circuit is used in computer 
design for memory circuits. The ferroresonant circuit is 
a high-frequency device for fast operation and, of course, 
does not have a relay associated with it. A pulse is used 
to feed information through the circuit. 

The behavior of the ferroresonant relay under various 
circuit circumstances can be shown as in Fig. 9, in which 
various possible circuit parameters are varied and the 
effects on relay performance indicated. 

Electric Blanket Control. The particular form of 
ferroresonant relay in the present discussion was de- 
veloped by the R-B-M Division of the Essex Wire Cor- 
poration in the course of a quest for a safety control for 
use with electric blankets. The relay is “patent applied 
for.” For the blanket application, the required function 
was to limit maximum blanket temperature by the use 
of a reliable and inexpensive non-thermostat device. In 
its present state, the ferroresonant relay for this purpose 
is inherently stable and capable of precise tolerances 
through specialized manufacturing techniques, and would 
be satisfactory for most Underwriters’ Laboratories 
approved devices. 

The circuit for the electric blanket control employing 
the relay is shown in Fig. 10. The relay and a capacitor 
are in series across the line. Under normal blanket tem- 
perature conditions the relay is energized, keeping the 
safety contacts permanently closed. The bimetal tem- 
perature control contained in the bedside control unit, 
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Bridge circuit capacitance 


Fig. 11, will cycle on and off as room temperature 
changes. The temperature-control portion of the control 
is a simple analog of the blanket, and it maintains a 
constant under-blanket temperature regardless of room 
temperature and voltage changes. 

The blanket wire, Fig. 12, is a highly specialized 
construction. Two wires, one of which is the heater and 
the other the detector wire, are in a common nylon 
sheath. These two wires are wrapped around a Fortisan 
core and a protective vinyl sheath covers the entire 
assembly. At normal operating temperatures, the nylon 
separating the two wires is an insulator and very little 
current passes from the “heater” to the “feeler” wire. 
The nylon is in parallel with the ferroresonant relay coil. 
In this position in the circuit, the nylon can load the 
relay coil to the point that the latter will go out of ferro- 
resonance and open the safety contacts. The nylon has a 
very high non-linear negative temperature coefficient of 
resistance. When the knee of the curve depicting this 
characteristic is reached, small increases in temperature 
will result in a large reduction in resistance between 
heater and feeler wires, and a current will flow between 
them. This current, as explained, serves to de-energize 
the blanket by dropping out the relay. The blanket there- 
upon remains off until the start button is pressed.: 

In the blanket circuit, if either the relay, nylon, capaci- 
tor or cord set short-circuits, the relay resonant condition 
will be unbalanced and the relay will not operate — that 
is, pick up. Similarly, if the feeler wire breaks, there 
cannot be any current through the ferroresonant circuit 
and again the relay will not operate. The relay thus pro- 
vides a reliable fail-safe feature for the blanket control. 

Shock and vibration resistance were not design objec- 
tives in the present relay, in the interest of achieving 
lowest possible cost. The relay in its present form will not 
pass a vibration test of 1-55 cps, 0.062 in. excursion even 
with a low-mass armature. Designs to resist shock and 
vibration and also other modifications (as, for instance, 
for 400-cycle operation) could probably be evolved if 
applications with such requirements were to present 
themselves and justify the development costs. 

The relay in the form described has certain inherent 
undesirable characteristics. If the line voltage changes 
gradually, the relay will pick up at a specified voltage 
with a high degree of accuracy. If, however, the voltage 
is pulsed, the relay will pick up at a lower and not very 
accurate voltage level. Also, since the armature power is 
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Fig. 11—Electric blanket control 
units employing ferroresonant 
relay. “Universal,” left (Land- 
ers, Frary & Clark) and “Field- 
crest,” above (Fieldcrest Mills). 
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Fig. 12—Heater and detector wire construction employed in 
electric blanket. 


limited to leakage flux, the constant arrangements pos- 
sible are limited to SPST, although of course a slave 
relay with any desired contact arrangement can be op- 
erated by the ferroresonant relay. 

The inherently low power dissipation in the relay coil 
and consequent low coil-temperature rise make the relay 
interesting for high temperature applications (of course, 
with suitable materials used in construction and insula- 
tion). In the present design, the relay has successfully 
handled contact loads of 1.56 amp through 2 million 
operations. 000 
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R-F Measurements 
on Ferrite Cores 


A study is presented of several effective 


means of making measurements at fre- 
quencies from 21/2 to 30 mc of the rela- 
tive permeability and quality factor, Q, 
of ferrite ring samples ranging in size 
from %/4, to 2°% in. diam. In addition to 
the r-f bridge and Q-meter techniques, 
theory of measurement by resonance and 
impedance methods using a cavity-induc- 
tor is included ; also measurements under 
conditions of static and dynamic bias. 
Measurement of dielectric properties also 


presents problems. 


PIETRO P. LOMBARDINI 

Assistant Professor of Electrical Engineering 
RICHARD F. SCHWARTZ 

Research Associate, Electrical Engineering 
University OF PENNSYLVANIA 

Philadelphia, Pa. 


Fig. 1—Equivalent circuit of ferrite-loaded coil. 
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MANY PROPERTIES of various ferrite materials have been 
explored and reported. The magnetic saturation properties 
of these materials as applied to r-f problems are used in 
design. A typical case is the r-f generator for a modern 
particle accelerator such as a proton synchrotron. Faced 
with the design specifications for such an r-f source, it 
became essential to study pertinent properties of the ma- 
terials involved. The results of these studies proved of 
value to engineers interested in the high-power use of 
ferrites at radio frequencies. The information has been 
previously reported in ELEcTRICAL MANUFACTURING.* 
This article will go further by describing measurement 
techniques as applied to small ferrite ring samples, such 
as are in common commercial use. Dimensions of these 
fabrications are listed in the accompanying table. 


Measurement of Demagnetized Rings 


Bridge and Q-Meter Methods. Relative perme- 
ability and the quality factor of small ferrite rings were 
measured up to about 10 mc in a conventional way using 
a General Radio 916-A r-f bridge or a Boonton 160-A 
Q-meter. A number of turns of wire wound onto the 
ring. The apparent permeability, ».,,, was obtained using 
the expression: 

Laws 
L 
where L, is the inductance of the coil in absence of 
ferromagnetic core. Equation (1) gives the initial perme- 
ability of the ferrite directly only if the coil is a perfect 


(1) 


***Ferrites for High-Power R-F Tuning,’ Pietro P. Lombardini and Richard F. 
Schwartz, Evecrnica, Manuracruninc, August 1958. 


————_—_______— — 
© Copper strip (8mm wide) 
+ Copper strip(5mm wide) 
aWire No. 26 
x Wire No. /6 | 
* Tin copper (1/4 in. braid) 
oe | * 





Number of turns 


Fig. 2—Variation of apparent permeability with the number of 
turns observed on Ferramic G at 3 me. 
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lumped toroidal inductance. Generally this 1s not the case, 
because: (a) a toroidal coil is a structure of inherently 
small inductance, so that the effect of any leakage in- 
ductance or of lead inductance will reflect in a large 
overall inductance error; and (b), the capacitance 
distributed in the turns will be increased by the dielectric 
constant of the ferrite. 

In general, the ferrite-loaded coil can be approximated 
by the equivalent circuit of Fig. 1, where L is the total 
inductance, R its series resistive component, G the shunt 
conductance, and C the stray capacitance of the coil. The 
imaginary part of the impedance of the circuit.can be 
shown to be: 


sop = SEARG +1 —w# 10) 
“pp (RG + 1 we? LC)? 
and the real part is 
R (RG + 1 —e LC) + w& L(GL + CR) (3) 
(RG + 1 —w? LC)? + w (GL + CRY 
Using a low-loss ferrite and a conveniently high fre- 
quency, it can be assumed that 


wR (GL + CR) 
+ w? (GL + CRY? 


Rapp = 


RG 


om meet 
ols ot 


andG << (A) 


L 
Lo 
Equation (5) is valid within the limits of the previous 
assumptions. Assuming further that all the magnetic flux 
is linked in the toroidal path of the ferrite ring, Eq (5) 
offers the following relation between “true” and “appar- 


Cl —w? LC)" (5) 


ent” permeability: 
Mapp = wo (Ll —w*? LC) (6) 


Figure 2 shows how apparent permeability is related to 
number of turns and type of wire used in the coil. The 
trend of the interpolated curve in Fig. 
with all ferrites tested. The curve shows a tendency to 
bend upward for large number of turns, very likely be- 
cause of the prevailing effect of the stray capacitance in 
accordance with Eq (6). 
for a progressively smaller number of turns, apparently 
because of flux leakage resulting from the larger spacing 


2 was observed 


The curve bends upward also 


between turns. 
In the 
value of permeability was the reading of p, 


measurements it was assumed that the true 
ps Correspond- 
ing to a minimum of the interpolated curve. For the di- 
mensions of the sample ring of Fig. 2, a permeability, 
[ho 120 + 5 per cent, is obtained using any number 
of turns from 4 to 14. It was found that six turns of 
a frequency of 3 me represented a 
for all dimensions available in our 


copper strap and 
good compromise 
sample rings. 


Fig. 3--Cavity inductor for ferrite. 
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List of Dimensions of the Ferrite Samples 


Do = outside diameter 
Dj = inside diameter 
63) t = thickness 


Type of ferrite D.(in.) D;(in.) 


Philips’ Porrencube IV) 


t(in.) 


1.127 0.797 .319 
+0.005 +0.004 .001 
Philips’ L—519 1.120 0.793 .187 

} 0.010 +0.010 .009 
Philips’ P—1133 | 1.120 | 0.793 
|40. 010 +0.010 


General Ceramic Corp; 
Ferramic G .878 min .400 min 
.880 max 404 max 
.878 min .400 min 


.880 max .404 max ‘ max 


Ferramic Q 


Stackpole Carbon Co: | 
Ceremag 5N | 1.950 1.000 
-0.005 -0.005 
Ceremag 27 482 0.985 
002 002 


Steatit-Magnesia: 
(West Germany) 
Caraperm (no color) min 175 min 425 min 
max 185 max 450 max 
Caraperm (violet) 50 min 150 min 390 min 
max 165 max 405 max 
Caraperm (red) ; 165 435 
(blue) 205 480 
Caraperm (violet) 5 255 420 
(green) 785 275 455 


Lignes-Tel. & Tel.: 
(France) 
Fernilite 1101 B 2.652 
+0 .020 
Lignes-Tel. & Tel. 
1101 1.180 
1102 1.080 
Lignes Tel. & Tel. 
Fernilite 1104 
rectangular frame* 19.50%12.70 11.64.86 


Bell Telephone Labs: 
2127, 2132, 2575 418 min 


420 max 


145 min 
175 max 


0.740 min 
0.745 max 


Siemens-Halske: 


(West Germany) 


Sinferrit 40 K13 0.685 


L R 
LD. -VIV/V 


NAN 
“Ke 
If 


Co 


Fig. 4 
testing ferrite. 


Equivalent circuit of cavity with external capacitor for 
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Fig. 5—Experimental setup for impedance method of measur- 


ing Q. 


For the measurement of quality factor, Q, the accuracy 
of an r-f bridge and/or Q-meter depends upon the value 
of Q involved. For Q below 50, but large enough for 
Eq (4) to be valid, the Q can be obtained directly from 
the Q-meter for a value of above 25. Smaller values can 
be obtained from bridge measurements. When the 
proper number of turns is used in the coil to give the 
correct value of permeability, the value of Q is also cor- 
rect. Using Eqs (2) and (3) with the approximation of 
Eq (4), we have: 


Lapp wap 
Lio Rapp 

A way of overcoming the difficulty inherent in the 
coil-wound ferrite consists in the use of a “one-turn” 
coil; ie., a conductive enclosure, or a cavity-inductor of 
cylindrical shape completely surrounding the core. The 
sketch of Fig. 3 shows the two main sections of a cavity- 
inductor of this type. 

Neglecting the effect of the air space on the sides, 
which can easily be reduced to a minimum during 
assembly, the approximate inductance of this structure is 


Mapp app - = po Oo (7) 


L (microhenries) = (0.46) 10-7 t (toe rn 


ro 


+ yu log”) (8) 
ri 


+ log ns 
rs 


and the approximate capacitance is 
-1 


C (micromicrofarads) = 0.244 (tog M+ log? + ih rg r) (9) 
ro 


re ri 


Here r,, r,, T., T, and ¢ are the dimensions (in cm) in- 
dicated in Fig. 3.; » and k represent the relative perme- 
ability and dielectric constant of the ferrite core. 


Ferrite rings 





R-F current 


Fig. 6—Experimental arrangement for decoupling r-f and d-c 
circuits. 
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With the core dimensions available it was easy to 
arrange the geometry of the cavity-inductor for log 
r,r;/ToF, to be small with respect to the other term in 
brackets in Eq (8). This allowed the inductance to be 
expressed by 


L (microhenries) = (1.46) 107? ¢ » log 2 (10) 
1 


obtaining in all cases an accuracy of at least 5 per cent. 

However, this coil structure did not give good precision 
above 10 mc because of the not-negligible value of the 
capacitance in Eq (9) and of the effect of the self 
inductance of the leads inside the r-f bridge or the 
()-meter. 

Resonance Method. Another method of measuring 
» and Q of a ferrite consists in resonating the cavity- 
inductor under test with an external capacitor so closely 
assembled as to render the lead inductance completely 
negligible. The corresponding equivalent circuit is 
illustrated in Fig. 4. 

In this circuit the following assumptions can be made: 

1. L is the inductance of the cavity-inductor, given 
by Eq (10); 

2. R is the series-resistance component of the cavity 
inductor. Because of small ohmic losses in the large 
metallic structure, this resistance can be attributed en- 
tirely to ferrite losses; 

3. C is the stray capacitance of the inductor, as given 
by Eq (9); 

4. C,, is the capacitance of the external capacitor; and 

5. G is the shunt conductance due to losses in the 
capacitor. 

With the above assumptions and conditions, as shown 
in Eq (4), 


L 1 
‘" &2GL6+GQP - 
where f/ is the resonant frequency. 

Generally, in Eq (11), the value of C is unknown 
because of the unknown dielectric constant of the core. 
Because of the frequency dependence of the ferrite proper- 
ties, C cannot be evaluated by comparing resonances at 
different frequencies. 

However, with the dimensions of the available samples, 
and in the band of frequencies explored, it was noted 
that C << C,. In this case the following relation holds: 


ALL c | 
CTS 
It was possible to have C << 5 per cent Cp. 


(12) 


Quality Factor vs R-F Flux 


R-F bridge or Q-meter measurements limit the r-f flux 
circulating in a core to very small values. At 3 me, 
using 6 turns, the r-f flux in the measured rings never 
exceeded 2 gauss. No dependence was ever noticed be- 
tween the feeding voltage and the observed Q. The 
reasonance method permits a large r-f flux in the core. 

The relation between peak r-f flux and rms voltage at 
the coil terminals is given by the formula: 


Vrms 


Boenk (gauss) = (1.59) 10° NW (13) 


IucS 
where N is the number of identical rings contained in 
the cavity-inductor, fyo is the resonant frequency in 


megacycles and S the area of the flux cross-section of 
each ring in square millimeters. 
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The measurement of the magnetic Q of a ferrite by 
the resonance method is obtained through the measure- 
ment of the Q,.; of the parallel resonant circuit in Fig. 
4. Since the relations in Eq (4) hold, it is approxi- 
mately: 

Q = (1/Qtr — 1/Q.) (14) 
where Q, = w (C + C,) /G@ is the quality factor of the 
capacitive branch. 

The fact that Q varies with r-f flux rules out all 
measurements based upon the selectivity relation 
1/Q = 2Afsa»/f, or its Fourier transform analog the 
ringing time relation Q = 7/8, where 8 is the logarithmic 
decrement. Only steady-state measurements can be used. 
Two methods are available: the impedance method and 
the calorimetric method. 

Impedance Method. This method consists essen- 
tially in the simultaneous measurement of the voltage 
at the terminals of the cavity-inductor, and the current 
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Fig. 8—Exploded view of ferrite resonator. 
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Fig. 9—Resonator for Caraperm and Ferroxcube materials. 


fed into those terminals. The setup used is shown in 
Fig. 5. 

The generator feeds the resonator through a pure 
resistor R. The voltage at the generator, V,, and the 
voltage at the resonator terminals, V., are measured with 
a General Radio 1800-A vacuum-tube voltmeter. An 
oscilloscope (Tektronix 517A) gives the phase relation 
of the two voltages and warns of the presence of har- 
monics. In the condition of resonance, and assuming 
sinusoidal signals, the impedance of the resonator is 
given by: 


Zin = (w LQ) = 5 (15) 
and the (vQf) factor is 


; 
UD = FV, Ine = 


This method requires the following precautions: 

Generator. The generator must be capable of feeding 
a sinusoidal signal of the level required into the com- 
bined impedance: R + Z,,,. For power levels up to 20 
watts the Rollin Model-20 Standard Signal Generator was 
used. For power levels up to 100 watts, the Hallicrafters 
Model HT-9 transmitter was employed, excited by the 
Rollin in place of its self-contained crystals. For powers 
up to about | kw, an industrial r-f generator utilizing 
an 833A triode, modified as a 30 mec amplifier (instead 
of a 10 me oscillator) and excited by the HT-9 was 
employed. 

The power required for obtaining a certain amount 
of r-f flux is deducible from Eq (13) by solving it with 
respect to V,.,, (i.e., V.) and using the expression: 


V? R 
P: ( t 1) 17 
2 Zres \ Zres i 


Resonance. Since the Q involved in the system is in 
all cases above 3, the condition of resonance can be 





observed as a maximum of the V. vs irequencvy curve, 
with an error of better than a few per cent. Resonance 
conditions can also be observed noting the phase relation 
between V, and V, as the frequency changes around the 
maximum of V,. However, delays involved in the lines 
carrying signals to the scope should be carefully 
balanced, and the characteristic impedances and termina- 
tions of these lines properly chosen. 

Reference Resistor. It can be shown for a given per cent 
error in V, and V,, the best choice of R is R = Zres; 
R should be a pure resistor. The following desposited- 
carbon resistors were used: I.R.C. D-17-0211, 60 watts 
and D-IT 1365, 600 watts. Their resistance vs frequency 
curve relationship was carefully checked before and 
after a series of measurements. At frequencies above 
20 me they showed a small reactive component, gen- 
erally capacitive; this was tuned out with an external 
shunt inductance. 
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Fig. 10-—-Experimental layout for measurement under bias 
conditions, 
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Fig. 11--Experimental layout for dynamic measurement. 
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Measurement of Rings under Magnetic Bias 


Static Bias. The measurement of ferrite rings under 
conditions of magnetic bias requires special precautions. 
The fundamental problem in the application of parallel 
bias is to avoid any magnetic linkage between r-f and 
bias circuits. The solution adopted throughout the study 
consisted of two “identical” rings being used (Fig. 6). 
The d-c flows in a common direction for both rings, while 
the r-f currents flow in opposite directions. The r-f volt- 
age induced in the bias wire by the transformer action 
of the ring on the left is thus completely neutralized by 
the ring on the right. 

For frequencies up to about 10 mc it was possible to 
obtain consistent measurements with the bridge, making 
use of two cores very close in initial permeability. The 
cores were wound with the same number of turns but 
with opposite pitch. The number of turns giving a 
minimum in the » curve of Fig. 2, for a given frequency, 
steadily increases as » decreases with increasing bias. 
Thus this method of measuring » vs Hyja, is not too 
practical, 

The bias field is obtained as follows: 

Hew = =! (18) 


2a fav 
where J is the d-c current circulating in the bias wiring, 
N the number of turns of bias wiring, and r,, the aver- 
age radius of the ring. 

The resonant method offers a quicker and 
versatile way of obtaining the » vs Hy\,, pattern of a 
ferrite. It can be used at frequencies for which the 
electric coupling between r-f and bias circuits begins 
to be important. 

In Fig. 7 and 8, details are given of the resonator 
used for the purpose. It consists of a pair of brass 
cavity-inductors of identical shape, assembled with mirror 
symmetry. The figures show that the external capacitor 
Cy is connected with almost no lead length. The capac- 
itor consists of one central brass disk and two external 
disks of aluminum. They are electrically connected 
though separated from the central one by thin-disk 
sheets of a good dielectric (polystyrene, polyethylene, 
or Teflon). .The construction allows use of different 
numbers of rings which can be easily introduced in the 


more 


cavities by removal of the brass shorting ends. For 
different size of rings, the same capacitive structure can 
be used. This is done by changing the removable exten- 
sions of the coaxial cavities and their shorting ends. 
The bias wiring is introduced axially and remains elec- 
trically shielded from the r-f field. R-F current is fed 
at the periphery of the external and central disks. Figure 
9 shows the cavity used for testing Ferroxcube and 
Caraperm materials. The detached ends shown are for 
Caraperm. Even at 30 mc the same voltage existed all 
around the rim of these disks. 

Measurements of » vs Hy\,, were performed with the 
following procedure, based on the fact that » does not 
change with frequency for frequencies below the absorp- 
tion resonance. 

An even number of cores (2N, with N from 1 to 10), 
previously measured by the r-f bridge method, were 
assorted in two groups, each having an average perme- 
ability as close as possible. These two groups were 
mounted on opposite sides of the resonator, and the 
bias wiring introduced in the axial tube. The resonator 
was then assembled. (See Fig. 10.) 
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Vemagnetized conditions were insured by applying a 
60-cps current of gradually decreasing intensity into 
the bias wiring. During the measurement, the resonant 
frequency, f,, was determined by tuning the generator 
until a maximum voltage, V., at the terminals of the 
resonator was obtained. For a ferrite having an initial 
permeability large enough to allow the bias tuning of 
the complete band (e.g., Ferroxcube IV A), the “initial” 
resonant frequency was made to be 2.5 mc. For ferrites 
of smaller permeability the initial frequency was higher. 
Resonance at the proper frequency was obtained by 
changing the number of insulating sheets in the capac- 
itor, and by tightening or loosening the “sandwich” of 
capacitive disks. 

Measurements under bias condition were obtained in a 
similar way. However, the capacitor was held constant 
so that the permeability at a given bias could be related 
to the resonant frequency by the equation: 


w= (f) | (19) 


Under bias conditions the resonance is critically de- 
pendent upon that bias. At low bias fields, because 
of remanence, the bias current must always be varied 
in the same sense. Resonance should be found by tuning 
the generator, not by changing the bias. At high levels 
of bias, the p - Hy\,, curve is almost completely reversible, 
so that the resonator can be tuned easily, thereby vary- 
ing the bias-current intensity. In this case, however, care 
should be taken to avoid changes of ferrite temperature 
due to the large /*R losses of the current in the bias 
winding. 

Dynamic Bias. In order better to approximate the 
conditions to which the ferrite has to be subjected in 
variable tuning operations, a method was devised for 
measuring ferrite properties under dynamic conditions 
of bias. For example, in the Princeton-Penn synchrotron, 
the saturating bias must be applied to the ferrite 20 
times a second. In our measurements, for experimental 
simplicity, a 60-cps bias was used. This corresponds to 
saturating the ferrite 120 times a second. It was felt that 
the application of this frequency of saturation in sinus- 
oidal form would have covered all conditions of dH/dt 
to be met in practical use. 

The method to be described, the “dynamic method,” 
is actually an extension of the resonance method, and 
makes use of the same balanced resonator. The experi- 
mental setup involved is shown in Fig. 11. 

The bias supply consists of a 2.5 kva low-voltage trans- 
former capable of giving a peak secondary current of 
2500 amp. This current is conveyed along the axis of 
the resonator by a 0.5 in. diam copper rod insulated 
from it by a thin phenolic tube. The current can be 
varied with a Variac feeding the primary. It is read with 
a transformer-coupled ammeter in a standard fashion. 

The resonator is fed by an r-f signal generator through 
a resistor R as in the static bias case, the main difference 
being in the way in which the voltage drops, V, and V,, 
are measured. The difference is caused by the resonator 
not always being tuned to the incoming signal, its resonant 
frequency being swept at the rate of 120 times a second 
by the a-c bias. To understand the resonant frequency 
of the resonator more easily, the “butterfly loop” illus- 
trated in Fig. 12 should be considered. Starting from 
the condition of maximum bias A,, the p» of the ferrite 
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Fig. 12—Principle of dynamic method of measuring ferrites 
under bias conditions. 


passes four times in a cycle from the minimum value 
fm to the maximum value py and vice versa. In the same 
way, the resonator changes its resonant frequency four 
times each cycle from the maximum frequency: 
2r) 
V pm (Co + C) Li 


fu 


and to the minimum frequency: 


: — (27) 

ra V um (Cy + C)1 
and vice versa. Suppose now that the generator feeding 
the system gives a signal of frequency f contained between 
fm and fy. Since the resonator is tuned at that frequency 
four times a cycle, the voltage V, at its terminals will 
pass four times a cycle through a maximum. These peaks 


(21) 


of voltage can be observed on an oscilloscope and meas- 
ured. It was found that the most accurate way of measur- 
ing these peaks was by using a slide-back detector. Be- 
cause of the finite impedance of the generator, the feeding 
voltage, V,, also presents four peaks in a cycle. This is 
fortunate because the same technique of slide-back de- 
tection can be used to measure V,. It should be clear at 
this point that, when both V, and V, are measured at the 
condition of resonance, Eq (16) can be solved and the 
(uQf) of the resonator computed under dynamic condi- 
tions of bias. 

Figure 12 sketches the phase relations between sinus- 
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Fig. 13—-Comparison of » vs bias pattern for d-c and peak a-c 
bias (Ferroxcube IV C). 


oidal bias field and voltage peaks on the oscilloscope. 
As illustrated, the frequency selected was close to the 
low-frequency end of the resonator tuning range. If 
the generator frequency is slowly decreased, the pips in 
the scope will slowly change their relative positions. 
More precisely, pips 1 and 2 and pips 3 and 4 will get 
closer and closer. When frequency f,, is reached by the 
generator, the “fusion” of pips 1 and 2 at one side, and 
pips 3 and 4 at the other side of the time ellipse will be 
seen. Further decrease of the generator frequency will 
make all pips disappear from the scope. A movement of 
pips in the opposite sense will be determined by an in- 
crease of the generator frequency above f,. When the 
driving signal frequency coincide with fy, the “fusion” 
of pips 2 and 3 and pips 1 and 4 will occur. 

Thus a method is established for determining the 
resonant frequency relative to the condition of maximum 
bias. The measurement procedure is as follows: 

1. The resonator is assembled and measured in a de- 
magnetized condition, as for the static bias case; its 
resonant frequency f, is noted. 

2. At this point a certain amount of a-c bias is applied 
and, using the detector probe in connection with the oscil- 
loscope, the pips of voltage V, are observed. The gen- 
erator frequency is then gradually increased. The pips 
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Fig. 14--Equivalent circuit for ferrite as a dielectric. 
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will move in the scope until “fusion” occurs. The fre- 
quency at which that “fusion” takes place is the maximum 
frequency, fy, relative to the peak of the applied bias. 
The corresponding , is given by Eq (19). 

3. The process is repeated for different peaks of bias 
current and p vs bias curve can thus be obtained. 

4. Using the slide-back detector method, (»Q/) can 
be measured at various conditions of saturation and at 
various r-f flux densities. Note that V, is measured as a 
peak, rather than as an rms value. 

A perfect agreement has always been found in measure- 
ments of (uQf) when the same resonator was tuned to a 
given frequency using either static or dynamic methods, 
However, in the values of bias field intensity needed to 
obtain a given frequency resonance (or ») there was not 
always agreement. Figure 13 presents a comparison be- 
tween the dynamic peak of bias and the static values of 
bias for a growing or decreasing field. Agreement exists 
for large Hy;., exists again (by definition) for initial 
condition and evanescent a-c bias, but does not occur 
in the intermediate field intensity range. 

The method outlined is practical for the purpose of 
investigating the behavior of (nQf) of a ferrite through- 
out a given bias-tuned band of frequencies. One advantage 
is the prompt way of establishing resonance conditions 
without having to tune the generator accurately, which 
is difficult at high power levels. Another advantage is that 
the r-f current is circulating in the resonator with a small 
duty cycle, thus reducing the thermal phenomena at high 
flux density. 


Calorimetric Method 


R-F loss measurements were also attempted using 
calorimetric techniques. A set of experiments utilized 
transformer oil flowing through a test resonator of the 
same type described previously. The average flow-rate 
and the temperature of the “in-flowing” and “out-flow- 
ing” oil was noted. The power loss is given by 

P = KSpvAT (22 
where P is the average power loss, S is the specific heat 
of the oil (0.488 cal/deg C/gm), p is the density (0.875 
gm/cc), v is the flow rate in cc/sec, AT is the difference 
in input and output temperature in deg C, and K is the 
conversion factor from calories/sec to watts (4.185). 

The method was found to be impractical because of 
the large amount of heat generated in the magnetic bias 
winding. 


Dielectric Parameter Measurements 


The obvious way to measure a ferrite as a dielectric 
is to apply it in a capacitor, although other techniques 
exist which are useful at higher frequencies. The quan- 
tities read depend upon the instrument used, but in all 
cases they give measures of energy storage and dissipa- 
tion. The dielectric constant, k, is taken as the ratio of 
C, and the geometrical computed capacitance Cy, assum- 
ing an air dielectric replacing the ferrite. The difficulties 
in applying this technique are subtle ones. It has been 
found that if a piece of ferrite is clamped between parallel 
plates, what is measured is a function of pressure. The 
presence of an air gap, however small, renders the re- 
sults very inaccurate, The equivalent circuit being meas- 
ured is shown in Fig. 14. The subscripts a and f are used 
to suggest the media of air and ferrite, respectively. The 
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equivalent measured capacitance C, is 


C, = CaG? + w* C/Ce (Ca + Cy) 
ae GG? + C 


GP + w (C, + Cy)? 

and the measured conductance, G, = 1/R,, is 
wr GC? 
G? + w (Co + Cy? 

Thus, only if wC, is very large will the measured values 
converge to C; and G,. 

Three different techniques were tried for implementing 
the measurements. In the first, aluminum foil electrodes 
were cemented onto the ferrite with rubber cement, 
using rather high pressure to insure an extremely thin 
film. An alternative approach was to use aluminum elec- 
trodes made with a pressure-sensitive adhesive (Minne- 
sota Mining and Manufacturing “Scotch” tape No. 425). 
The use of aluminum electrodes of these types gave fairly 
good results in evaluating the dielectric constant. The 
dielectric Q seemed to be less consistent. 

The second method was to make contact with the 
ferrite by means of silver paint. Copper was then electro- 
plated onto this surface. The silver insures intimate con- 
tact of electrode with the ferrite, but is not a good 
conductor due to the presence of an organic binder. The 
copper serves to provide a good conducting surface to 
which leads can be soldered. The disadvantage of the 
method lies in the danger of penetration of the plating 
solution into the ferrite through microscopic pores in 
the material. This difficulty was circumvented by plating 
from saturated blotting paper rather than by immer- 
sion. However, it was finally decided that the copper 
plate could be dispensed with in perfectly flat samples 
by merely clamping the silvered sample between brass 
electrodes. 

The third method utilized a mercury contact.. A plas- 
tics holder was made which allowed two columns of mer- 
cury to make intimate contact with the inner and outer 
surfaces of a toroidal ring of ferrite. (See Fig. 15.) 

Of the three methods described, that utilizing silver 
paint and clamping electrodes is the one recommended 
since it gives consistent results and is the most convenient. 

The electrical measurements made with any of the 
setups mentioned may be made with a bridge or a 
Q-meter, depending on the type of material used. The 
most convenient instrument tried was the Boonton R-X 
meter, which gives the shunt resistance and capacity 
directly. With some large size samples and for some other 
materials, the values of C, and R, may lie outside the 
range of this instrument. The Q-meter is not a particularly 
good choice for measuring some ferrites because of their 
generally low values of dielectric Q. 

An alternative method to the elimination of the air gap 
[making C, infinite in Eqs (23) and (24)] is to utilize 
it in some way. In attempting to solve Eqs (23) and (24) 
for C, and G, (or Q,) in terms of C, and G,, a rather 
complicated algebraic expression is involved. However, 
the problem can be solved by. successive equivalent cir- 
cuit transformations as outlined below: 

1. Measure C,, Rp or Q, where Q, = wC,R,. The 


equivalent circuit is 


G, = 


(24) 


Cp 
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Mercury 


e« 
P| Ferrite ring 


Fig. 15—Mercury immersion method for dielectric tests. 


2. Calculate the equivalent series values c,, r, by 


Cc, = (2 . + J ) andr, = a i) 
oP <P 


where the circuit is 


Cs 's 


or — 


3. Calculate the air space capacity, cg, based on 
the following dimensions: for a parallel plate sample 
Cq = 0.225 A/d pyf, or for a coaxial ring capacitor, 
Ca = 0.614 I/log (r./r,) ppf, where all dimensions 
are in inches: 

4. Find the equivalent series parameters of the ferrite 
air samples. The circuit is 


Cq 


Ferrite 


and 


cy Ca Cs ; ry Pes 0; 
Ca C, wl sly 
5. Convert the ferrite series to shunt values and cal- 
culate the dielectric constant from the geometrical “air” 
‘apacity, C,, of the ferrite sample. The circuit is 


Cf 


R¢ 


and 


cee , ko 4 
(1/Q7 + 1) Co 
where C, is calculated in a fashion similar to cg above. 


Oo OO 


Ry = ri | O,/), Cy 
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Approval of UL Standards 
as American Standards 


What is 
The Underwriters’ Laboratories? 


The Underwriters’ Laboratories is sponsored by 
the National Board of Fire Underwriters* as a 
public service. It is incorporated under the laws 
of the State of Delaware for service, not for profit. 
Its articles of incorporation are explicit in pro- 
viding that none of its earnings or assets will ever 
inure to the benefit of its sponsors. There is no 
capital stock and there are no stockholders. 


Charges are made to manufacturers submitting 
equipment for examination, test and listing. These 
are adjusted from time to time to cover the cost 
of operation, They cover equipment and quarters 
necessary for expansion with the growth of the 
industries being served. Charges are based on the 
time and materials involved and are not dependent 
on the nature of the report rendered, whether 
favorable or unfavorable. They are in two cate- 
gories: those for the initial engineering investiga- 
tion, and those for the factory check of listed 
equipment to see that it continues to conform to 
minimum standards for safety. 


Any equipment used by the general public and 
having a bearing on insurable hazards may be 
submitted. Submittals are not solicited and there 
is no paid advertising. 


No effort is made to establish degrees of com- 
pliance with UL safety standards. The statement is 
clearly made in all publications of listed equip- 
ment that listing indicates only compliance with 
Underwriters’ Laboratories’ requirements, and 
does not mean equivalence in quality, or merit, of 
the products listed. 


No effort is made to determine the efficiency of 
equipment except insofar as efficiency may affect 
safety. 


All equipment listed is subject to periodic ex- 
amination to make certain that so long as listing 
continues, the equipment, or product, will be like 
that which was originally found acceptable for list- 


*Composed of capital stock insurance companies. 


Abstracted from a report, “Testing for Public Safety,”’ pre- 
sented to the Western Underwriters’ Association on October 22, 
1958 by Merwin Brandon, vice president, Underwriters’ Labora- 
tories, Inc. Mr. Brando is slated to succeed Curtis R. Welborn 
as president of UL-in mid-1959, 


Since 1956, eight selected Standard Re- 
quirements of the Underwriters’ Labora- 
tories have been processed under ASA 
procedures into American Standards for 
Safety. More are on the way. Herein is 
an analysis of this trend, the motivation 
behind it, and the significance of this 
move as an influence on design of elec- 


trical and electrically operated products. 


FRANK J. OLIVER, Editor 
ELECTRICAL MANUFACTURING 


WHAT ARE THE IMPLICATIONS behind the processing of 
Underwriters’ Laboratories Standards into acceptance 
as American Standards under procedures of the Ameri- 
can Standards Association? What makes the difference 
between a proprietary standard and a national stand- 
ard? Is there any compulsion in observing such 
standards? What are the limitations of UL Standards? 
What is the key test in accepting a UL Standard as an 
American Standard? These and several other pertinent 
questions will be answered here. 

What follows is based on interviews with the following 
executives and engineers: Cyril Ainsworth, deputy man- 
aging director, and J. W. McNair, technical director, 
American Standards Association; L. D. Price, manager, 
Engineering and Safety Regulations Department, Na- 
tional Electrical Manufacturers Association; Merwin 
Brandon, vice president, and H. E. Collins, standards 
engineer, Underwriters’ Laboratories, Inc., all of New 
York. Correspondence on this subject was examined 
and has been excerpted. 

Underwriters’ Laboratories’ Standards consist _ pri- 
marily of their own requirements for the guidance of 
their engineers in determining the safety of equipment 
submitted for examination, test and listing and intended 
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for use by the general public. The requirements are 
prepared by the Laboratories’ staff after consultation 
with manufacturers subscribing to its service, with in- 
spection authorities throughout the country and with 
municipal, state and underwriting bodies and others 
known to have an interest. They differ from most product 
or material standards in that they relate entirely to the 
minimum safety of the equipment and do not attempt to 
dictate the overall design. Wherever possible they are 
performance requirements. They also differ in that they 
are applied by Underwriters’ Laboratories’ inspectors to 
mass-produced products coming from the assembly line 
and therefore have an immediate impact on production. 

Since these standards are not intended to be complete 
equipment standards, their recognition as American 
Standards should in no way prevent the recognition of 
a more comprehensive American Standard dealing with 
design features other than safety. As indicated more 
fully on the facing page, the UL is an_incorpor- 
ated association under the sponsorship of the National 
Board of Fire Underwriters but is not operated by this 
board. It literally “‘writes its own ticket” with respect 
to testing for safety. The Laboratories’ standards are 
based upon and are governed by the National Electrical 
Code, an American Standard (ASA-C1) sponsored by 
the National Fire Protection Association and adopted 
by the National Board of Fire Underwriters. All American 
Standards are voluntary codes. On the other hand, legal 
status may be given to the NEC and to UL Standards 
by their requirements being written into municipal and 
state ordinances. 

Over the years many proprietary standards of engi- 
neering societies and trade associations have been ac- 
cepted as American Standards through ASA procedures, 
as detailed in a separate panel headed “American Stand- 
ards and the ASA.” In the electrical field, sponsorship 
of the Electrical Standards Board predominates. Other 
sponsoring groups include AIRE, IRE, NEMA, Edison 
Electrical Institute (EEI) and Electronic Industries As- 
sociation (formerly RETMA). Standards are submitted 
for approval by these groups through Sectional Com- 
mittee procedure in order to obtain all-party-interest 
participation. ASTM uses the proprietary sponsorship 
procedure generally, so there is plenty of precedent for 
Underwriters Laboratories’ action since it is organized 
as an association. 

About thirty years ago Underwriters’ Laboratories ob- 
tained proprietary sponsorship in ASA for its standards 
for safety in the electrical field under the ASA designa- 
tion C-33. Some standards were submitted and accepted 
under this sponsorship, but due to what appears to have 
been misunderstanding as to intent, others were blocked. 
Underwriters’ Laboratories came to the conclusion that 
despite its desire to conform with the wishes of its clients 
and subscribers in the electrical manufacturing field, 
the process of submitting its standards for safety for 
recognition as American Standards wasn’t worth the time 
it was taking. The effort was therefore discontinued. 

Other reasons why the Laboratories had lost their 
enthusiasm for the project were spelled out by Mr. 
Brandon in a paper presented before an ASA National 
Standardization Conference in 1951. (1)* For one 
thing, these requirements must be (and are) written so 
as to recognize equivalent performance or construction 


*Italic numerals in parentheses refer to Cited References at end of text. 
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Representative Groups on 
ASA Electrical Standards Board 


Engineering Societies 
American Institute of Electrical Engineers 
American Society for Testing Materials 
Institute of Radio Engineers 


Trade Associations 


American Transit Association 

Association of American Railroads 

Electronic Industries Association (RETMA) 
National Electrical Manufacturers Association 


Industry Groups 
Electric Light and Power Group 
(Selected utilities and Edison Electric Institute) 
Fire Protection Group 
(Underwriters’ Laboratories, Inc.) 
Telephone Group 
(A. T. & T. and one independent company) 


Government Agencies 
Armed Services Electro Standards Agency 
Department of the Air Force (AMC & WADC) 
Department of the Navy, Bureau of Ships 
Federal Communications Commission 
National Bureau of Standards 


from a safety standpoint. Other standards leave no such 
loopholes. Furthermore, it was felt that the process of 
certification by ASA was too slow for production testing 
requirements where changes have to be made frequently 
and rapidly. For a while it appeared that long delays 
in making revisions also were inevitable. In 1949, for 
example, it was found necessary to make some changes 
in the UL Standard for radio receivers which was also 
an American Standard. The proposed changes were out- 
lined to groups of electrical manufacturers 
judged to have a legitimate interest in such a standard. 
In due course, replies come back, some approving, some 
raising questions as to wording, some as to intent. In 
an effort to comply with the criticisms, paragraphs of 
this standard were reworded and the revised draft re- 
submitted to all UL subscribers and to its Electrical 
Council. More than two years passed before full agree- 
ment in ASA could be obtained on what appeared to the 
Laboratories’ staff to be minor changes. This was dis- 
couraging. 

More recently, the American Standards Association 
clarified its procedures and, as a consequence, in the 
last four or five years Underwriters’ Laboratories again 
submitted some of its standards for recognition as 
American standards. A number of them have been 
accepted (see panel headed “Underwriters’ Laboratories 
Standards Approved as American Standards for Safety’’). 
The process still takes a considerable amount of time, 
but as time goes on there is apparently much better 
understanding of the significance of the recognition of 
such standards. 

Undoubtedly due to a tactical error in simultaneously 
submitting as many as eight standards to ASA proce- 
dures in June 1954, disheartening delays were again 
encountered. Of the eight listed below, only four UL 
Standards had cleared the initial hurdle by March 1956 


selected 


157 





and were ready to be submitted to the ASA Electrical 
Standards Board. Four others had generated a number 
of important technical comments when circulated to the 
groups believed to be substantially concerned, and the 
Laboratories decided to withdraw them from further 
consideration. Since then, one of the standards has been 
resubmitted and accepted as an American 
Standard. In the cases of fuses and X-ray equipment, 
changes in the art which need to be reflected in these 
standards have resulted in delay. The original eight 
and the five accepted standards are: 


revised, 


UL date 


of issue 


Amer. 
Standard 


Transformer-Type Arc-Welding 

Machines Oct. 1952 
Cord Sets and Power-Supply Cords May 1952 
Mar. 1953 


C 33.2-1956 

C 33.3-1957 

Fuses 

Grounding and Bonding 
Equipment Nov. 1952 C 33.8-1957 

Dead-Front Switchboards Jan. 1953 -- 

Specialty Transformers Oct. 1952 C33.4-1956 


Wire Connectors 
and Soldering Lugs Feb. 1953 


X-Ray Equipment Apr. 1949 


C 33.5-1956 


In 1954, concurrence was sought from nine organiza- 
tions considered to represent an adequate cross-section 
of industry interest in the standards in question: 


American Institute of Electrical Engineers 

Bell Telephone Laboratories, Inc. 

Edison Electric Institute 

Factory Mutual Engineering Division 
International Association of Electrical Inspectors 
National Board of Fire Underwriters 

National Bureau of Standards 

National Electrical Manufacturers Association 
National Fire Protection Association 


The American Welding Society was included in the 
case of the Standard for Transformer-Type Arc-Welding 
Machines. 

More recently, only one or two UL Standards at a 
time have been submitted to ASA procedure. As a 
result, approvals have come in much faster, even with 
two more organizations logically added to the reviewing 
list the American Society of Safety Engineers and 
the National Safety Council. On May 6, 1958, for 
example, the sixth edition of the UL Standards for 
Armored Cable was submitted to the eleven reviewing 
organizations. With but one modification, the Standard 
was ready for submission to ASA for certification by 
December 9 a bare six months later. The modifica- 
tion referred to was the suggested deletion of reference 
to armored cord because this product is obsolete. In 
line with normal UL procedures, concurrence of the 
Laboratories’ Electrical Council and of the manufac- 
turers of listed armored cable and armored cord was 
obtained. Upon ASA approval, the Standard will be 
issued in a new 7th edition by the Laboratories. 


UL Standardization Procedures 


To a large extent, procedures of the Underwriters’ 
Laboratories have been similar to ASA standardization 
procedures in obtaining consent of interested parties. 
When a new standard or a new edition of an existing 
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standard is to be processed, the procedure followed by 
the Laboratories takes into consideration the needs and 
opinions of the greatest possible number of those con- 
cerned with the requirements the standard contains. In 
many of the classifications covered by the UL Standards 
there have been established small working committees 
known as industry advisory conferences, comprising a 
number of representatives from the manufacturers of a 
particular class of product and a few of the Laboratories’ 
staff engineers. 

The first step is to discuss with the industry advisory 
conference the requirements or the changes therein as 
proposed by the Laboratories’ engineers. After a suf- 
ficient discussion of the project with the conference 
members, the proposed new or revised requirements are 
sent out in mimeographed form for review and com- 
ments by all the manufacturers for whom the Labora- 
tories lists equipment in that classification. There is 
also a group of more than 300 individuals, representing 
the consumer (public) interest, who are given an 
opportunity to review and comment upon the proposed 
new or revised requirements if they so desire. 

After the comments from all sources have been con- 
sidered, the Laboratories makes such modifications in 
the requirements as appear to them to be necessary or 
desirable in line with their basic responsibilities. This 


action makes the standard a proprietary one. The 


standard is then made available in printed form to all 


concerned, 

In submitting UL Standards to ASA procedures, the 
chief distinction is the broadening of the concept of 
those “substantially concerned” beyond the 300 in- 
dividuals mentioned above. Included are professional 
societies, trade associations, government agencies and, 
notably, one corporation, BTL — a tribute to its dis- 
interestedness. Individuals merely serve as channels of 
communication speaking for their groups. The proce- 
dures of ASA thus insure that standards approved as 
American Standards are backed by a national consensus 
and can be truly said to be national in their coverage. 

It is not expected that the major groups in the field 
or fields affected should give a detailed review of a 
standard under consideration. However, sufficient re- 
view should be made so that the group can be certain 
that the requirements represent existing practice within 
the limitations of the standard; and where this is not 
the case, criticisms are expected and should accompany 
any negative vote. The sponsor has the privilege of re- 
viewing the situation with the appropriate ASA 
Standards Board and the Standards Council of the 
ASA for the purpose of bringing out any apparent un- 
fairness or improperly based criticisms. 

Under the ASA Existing Standards procedure, review- 
ing groups are not being asked whether the UL Stand- 
ard is the best standard that can be developed, nor 
whether it covers the complete field. It is not necessary 
that any standards, submitted for recognition as Amer- 
ican Standards, attempt to cover the complete field or 
be a comprehensive set of requirements for any parti- 
cular category. It is necessary that each standard 
clearly indicate what it does cover so that other standards 
on the subject, but having a different scope, can also 
receive recognition as an American Standard. 

Underwriters’ Laboratories’ Standards do not attempt 
to cover anything but the minimum safety features of 
equipment. The general title for all UL Standards 
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adopted as American Standards is “Standards for 
Safety.” They are not intended to be complete equip- 
ment standards, such as many of the American Stand- 
ards on rotating electrical equipment, transformers, etc., 
and their recognition as American Standards would in 
no wise prevent the recognition of a comprehensive 
American Standard dealing with features other than 
safety. An example is the UL-sponsored American 
Standard C 33.4-1956 which does not conflict with 
C 89.1-1957, sponsored by the Electrical Standards 
Board, both relating to specialty transformers. 

Excluded from consideration as part of American 
Standards are the group of six introductory paragraphs 
common to all of the Laboratories’ Standards and that 
section of any standard which covers “Inspection of 
Listed Products.” ASA approval as an American Stand- 
ard applies only to the “Requirements” section. 


The Revision Problem 


Mention has been made of the possibility of ASA 
recognition retarding changes and improvements in 
standards, such as Underwriters’ Laboratories Standards, 
that have direct application to factory production and 
must therefore be immediately responsive to demands 
for modification. Actually, the changes are being made 
as heretofore by the Underwriters and the editorial 
revisions are being sent out in sticker form to manu- 
facturers of the listed products involved. Temporarily, 
these revisions are not part of the American Standard. 
ASA procedure provides that adoption and promulga- 
tion of revisions of approved standards by the pro- 
prietary sponsor without notice to ASA and submission 
of the revisions to ASA for approval automatically 
cancels the original ASA approval. There is an obliga- 
tion on the part of the Laboratories to report in due 
course any such changes to the ASA through the same 
process of submittal to interested groups as was follow- 
ed originally in obtaining approval as an American 
Standard. Changes, however, would be made under 
UL procedures for revision without reference to all of 
the major groups in the industry that might have an 
interest, as required for ASA approval. Eventually, 
when full review has been completed, a revised American 
Standard is printed. 

In this respect the ASA procedure is completely flexi- 
ble and practical. It is arranged not to handicap the 
development and improvement of standards, but to have 
some orderly system for assuring ultimate review by 
all interested groups before the designation of American 
Standard can be extended. 


NEMA’s Traditional Support 


Electrical product manufacturers have long recognized 
the desirability of having UL Requirements adopted as 
American Standards. As early as 1922, the then Asso- 
ciated Manufacturers of Electrical Suppliers drew up a 
policy statement in that regard. And the successor trade 
association, the National Electrical Manufacturers As- 
sociation, has been pushing the idea ever since. NEMA’s 
present attitude is one of full cooperation. In 1955 its 
Codes and Standards Committee urged its member 
companies to endorse the proposals for ASA approval 
of UL Standards as they are submitted, pointing out 
that regulatory agencies of governments at all levels 
recognize the National Electrical Code which is now an 


APRIL 1959 


Underwriters’ Laboratories Standards 
Approved as American Standards 
for Safety (March 1959) 


Flexible Cord and Fixture Wire . . . ASA C33.1-1957 

These Requirements cover fixture wires and flexible cords, 
except armored cords, for use in accordance with the National 
Electrical Code. They do not cover assemblies of flexible cords 
or fixture wires with fittings or wiring devices of any sort (such 
as cord sets, power-supply cords, and decorative-lighting outfits, 
which are covered in separate, individual requirements) nor any 
type of wire or cord for use at a potential of more than 600 volts. 


Arc-Welding Machines, Transformer Type . . . ASA C33.2-1957 

These Requirements cover arc-welding machines of the trans- 
former type to be employed at not more than 600 volts in accord- 
ance with the NEC. 


Cord Sets and Power-Supply Cords . . . ASA C33.3-1957 

These Requirements cover cord sets and power-supply cords 
for use as supply connections for portable appliances, in acecord- 
ance with the NEC. 


Specialty Transformers . . . ASA C33.4-1958 

These Requirements cover air-cooled transformers and reactors 
for general use and for use with mercury-vapor lamps, sun lamps, 
etc.; signal circuits; ignition transformers for use with gas 
burners and oil burners; gas-tube sign transformers for use with 
inert-gas tubes; and toy transformers. To be employed in accord 


ance with the NEC. Limited to 600 volts. 


Wire Connectors and Soldering Lugs . . . ASA C33.5-1956 

These Requirements cover pressure-type wire connectors, fixture 
type splicing connectors, and soldering lugs for use in accordance 
with the NEC. They cover wire connectors and soldering lugs, 
designed for use with No. 18 AWG and/or larger conductors, for 
providing contact between current-carrying parts for use at 
terminals, between lengths of wires, or for tap connections, These 
Requirements do not cover binding-screw terminals, built-in  ter- 
minal connectors on devices rated at 35 amp or less and intended 
for outlet-box mounting or having provision for strain relief, nor 
built-in terminal connectors on devices having integral cable 
clamps. 


. . ASA C33.6-1957 


neoprene- 


Rubber-Covered Wires and Cables . 

These Requirements cover rubber-insulated and 
insulated wires and single- and multiple-conductor cables for use 
in accordance with the NEC. They do not cover complete armored 
cable, nonmetallic-sheathed cables, nor service cables, which are 
covered in separate UL Standards. 


Pads and Bedding, Electrically Heated . . . ASA C33.7-1957 

These Requirements cover domestic electric heating pads and 
electrically heated bedding (blankets, comforters, quilts, sheets, 
etc.) and the associated control units intended for connection to 
the power supply by means of flexible cord, and for use in 
accordance with the NEC, 


Grounding and Bonding Equipment . . . ASA C33.8-1957 

These Requirements cover grounding and bonding equipment 
for use in connection with interior wiring systems in accordance 
with the NEC. Requirements include ground clamps, bonding 
devices, grounding and bonding bushings, water-meter shunts, 
armored grounding wire, ground rods, and the like. 


Armored Cable . . . ASA C33.9-1959 

These Requirements cover multiple-conductor armored cables 
for use in accordance with the NEC in wiring systems operating 
at a potential of 600 volts or less and at a temperature of 60 or 
75 C according to the temperature rating of the insulated con- 
ductors. 


In Process of Adoption as an American Standard: 


Rigid Metallic Conduit 

These Requirements cover rigid metallic conduit for use as a 
metal raceway for the installation of wires and cables in accord- 
ance with the NEC. 





American Standard and which has objectives simular to 
UL Standards. The approval of UL Standards as 
American Standards in addition to the NEC and other 
safety standards on installation procedures should in- 
crease the prestige and acceptability of this whole 
group of standards. NEMA considers the acceptance 
throughout the country of a single set of product 
standards of this type to be of extreme importance to 
the electrical manufacturers in that products can be de- 
signed to a single standard with confidence that they 
will be accepted by inspection authorities throughout 
the country. 

The desirability of uniform municipal codes for 
installation of electrical products has been of major con- 
cern to NEMA for some time. Over ten years ago, a 
study made of over 800 municipal ordinances revealed 
a wide diversity in the installation requirements set up 
to safeguard the public adequately against electrical 
hazards. NEMA feels that in order that the public may 
benefit from the economies of mass production and 
distribution of standard electrical devices and equipment, 
such laws and ordinances should be reasonably uniform 
in content and application. To this end, typical drafts 
of such ordinances have been prepared for government 
bodies as a “constructive suggestion.” (2) in this draft 
there is a recital of findings that relates the National 
Electrical Code, the National Electrical Safety Code 
(National Bureau of Standards), and UL Standards as 
standards for electrical equipment and its installation. 
It calls attention to the general acceptance by electrical 
inspection authorities of materials and devices certified 
by the Underwriters’ Laboratories in accordance with 
the NEC. The duties and the authority of the electrical 


inspector are defined. The suggested section on Stand- 
ards for Electrical Equipment (Section 6) reads: 


“All electrical equipment installed or used shall be 
reasonably safe to persons and property and in conformity 
with the provisions of this ordinance, the applicable 
status of the State of and any orders, rules or 
regulations issued by authority thereof. 

“Conformity of electrical equipment with applicable 
standards of Underwriters’ Laboratories, Inc. shall be 
prima-facie evidence that such equipment is reasonably 
safe to persons and property.” 


A similar statement appears in a NEMA draft of a 
municipal ordinance regulating the sale of electrical 
equipment. (3) Again, the purpose is to further the 
acceptance of a single national standard for safety as 
contrasted with a score or more of different standards 
promulgated by as many states or cities. 

Over the years, the value of the UL label on a product 
can be traced directly to the integrity and technical 
independence of the Laboratories as a whole and the 
individuals who guide it. A vote for UL Standards as 
American Standards is a vote for confidence in the 
professional character of the organization. O00 
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American Standards and the ASA 


An American Standard is a national stand- 
ard that has been approved by the Ameri- 


cerned with technical 


insure coordination with other American 


bearing on the establishment of a_ con- 
sensus included, is reviewed by the ap- 


content except to 


can Standards Association, New York City. 
Incorporated in New York State, the ASA 
is a non-profit federation of some 110 
technical societies and trade associations, 
plus 2300 member companies. 


A national standard implies a consensus 
of those substantially concerned with its 
scope and provisions. An important func- 
tion of the American Standards Associa 
tion is the judicial one of determining 
whether a national consensus has been 
reached, The final approving authority is 
the ASA Standards Council. 


In exercising its judicial functions, the 
ASA Standards Council is assisted by 13 
Standards Boards, a Board of Review and 
a Committee on Procedure. Each Standards 
Board is responsible for a special field 
(such as Electrical) and reviews all mat 
ters in connection with standards projects 
within its jurisdiction. The boards do not 
formulate standards nor are they con 


Standards. 


ASA Procedures. American Standards 
come into existence through three basic 
methods: committee, existing 
standards and general acceptance method. 


sectional 


The membership of all sectional commit- 
tees must be representative of all national 
groups and organizations substantially con- 
cerned with the scope of the particular 
standards projects, although the adminis- 
tration of such a committee is usually in 
the hands of one or more sponsors who 
guide the effort through to a conclusion. 
The main work of the sectional committee 
consists in thoroughly airing the views of 
all of its members and in blending these 
views into a draft form that represents a 
sound solution satisfactory to all. 


When agreed upon, the draft of a stand- 
ard is submitted to ASA for approval. The 
complete record of the discussion, with 
negative votes and any other information 


propriate Standards Board. If everything 
is in order, a recommendation is made to 
the Board of Review for final approval as 
an American Standard. Otherwise, the 
draft is returned to the sponsor with ob- 
jections indicated. 


An existing standard of any organiza- 
tion, such as ASTM, NEMA or UL, may 
be submitted to ASA for approval as an 
American Standard without going through 
the sectional committee setup. Proof must 
be submitted to ASA, however, that those 
substantially concerned with the scope and 
provisions of the standard have accepted 
it. Also the standard must not conflict 
with other standards in its field. 


The general acceptance method is ont 
that involves a general conference of in- 
terested parties. The method is usually 
suitable only for comparatively simple 
projects that do not require prolonged 
technical discussions. 
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Design Characteristics of 
Hard-Anodize on Aluminum 


Anodic films possess an effective combination of good electric strength 
and excellent environmental protection. Presented are design param- 


eters and illustrative case histories. 


JEROME COLLINS 

Research Engineer 

AMERICAN Bosco ARMA CORPORATION 
Garden City, New York 


ANODIZING OF ALUMINUM and its alloys is a proven pro- 
tective surface-finishing treatment which is inexpensive, 
universally obtainable, and well suited for mass pro- 
duction techniques. Its original function, that of protect- 
ing a relatively soft metal with an extremely thin, hard 
skin, has now been extended to allow the use of aluminum 
alloys in applications requiring greater wear resistance 
and hardness. Additionally, the electrical insulating 
properties (Table 1) are highly desirable for electro- 
mechanical instrument and equipment design (see Fig. 1). 

Thicker anodic films can be formed by lowering the 
electrolyte temperature, thereby reducing the solubility 
rate. A further increase in thickness and rate of coating 
formation has also been obtained by superimposing 
controlled alternating current on the conventional direct 
current used in anodizing. 


x io75 


strength , volts 


Electric 





The newer commercial hardcoating processes regularly 
make use of these techniques to produce coatings up to 
approximately 0.005 (Alcoa and Martin) and 0.010 
(Hardas) in. thick. Due to the greater density and de- 
creased porosity of these coatings, they cannot be readily 

















3 4 dyed. The color varies from a greenish tinge through 
Coating thickness, in. x 1073 various shades of gray to black, depending on the alloys 


Fig. 1—Relationship of coating thickness on aluminum alloys and_ thickness. 


to effective electric strength. Source, U. S. Department of The surface-hardness characteristics of hard coatings 
Commerce, OTS, PB111320, 1953. can in many ways be regarded as similar to those of 


Fig. 2—Aluminum thread and nut assembly utilizing hard-anodize coating. 
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case-hardened steel. All manner of sliding and rubbing 
parts such as cams, gears and bearings are now being 
fabricated. from the lightweight aluminum alloys which 
in the past had required elaborate plating or cladding 
to obtain good wear characteristics. The special require- 
ments of structural materials for instrument work (light 
weight, non-ferromagnetic, ease of obtaining insulation 


Fig. 3-—-Conical end screw with hard coating; used for caging 
sensitive mass of an accelerometer in an aluminum alloy 
housing. 


Table | — Some Properties of Anodized Film (1) 


Coefficient of linear expansion 
Density 
Thermal conductivity 


4.5 K 10°*/deg C 
2.5 gm/cu-cm 
0.016 gm-cal-cm /sq cm- 
sec-deg C 
Specific resistance (0.002 in. thick) 
20C 4 X 10" ohm-cm 
100 C 8 xX 10'4 ” 
200 C 1.1 X10" 59 
300 C 9 xX 10" ” 
Dielectric constant 7.5 
Electric strength (breakdown voltage) 
Heat emissivity (at 150-200 C) 
Yield strength (tension) (2) 
Yield strength (compression) (2) 


95 volts/0.0001 in.* 

80 (black body = 100)” 
10,000-15,000 psi* 
50,000-60,000 psi° 


* Sy thetic sapphire and sintered AlvOs are 120 volts/0.0001 in. The curve of break- 
down strength us thickness bends as the thickness increases due to the increase in 
macro-porosity. Also, alloying constituents (e.g., Cu and Si, which exceed the solid 
selution in the alloy) can reduce this value. 

© Maximum emissivity has been observed to be in the range of A = 6 uw; i.e., in the 
near-infrared region of hot water and steam devices. The fact that the emissivity 
varies with thickness indicates that it is a film phenomenon, (Contrast this with the 
wide band high reflectivity of bare polished aluminum.) 

* Values given are of coatings bonded to relatively thick base metal. The yield 
point of the composite base metal/oxide structure was based on 0.2 per ce t offset. 
(1) Surface Treatment and Finishing of Aluminum and Its Alloys, 8. Wernick 
& RK. Pinner, Robert Draper Lid., Middlesex, England, 1956. 

(2) “Study of Hardcoating for Aluminum Alloys,’ U.S. Dept. of Commerce, Office 
of Technical Services, PB111320, 1953. 


Table li—Values of Coefficient of Dry Static 
Friction 


Aluminum — aluminum 
Aluminum — 303 S. S. 
Hard coat* — aluminum 
Hard coat* — 303 S. S. 


* 0.002 in. thick as formed 


in combination) make hardcoated aluminum alloys a 
superior choice. The adherence of the coating to the 
base metal is excellent. For example, it is possible to 
heat treat and quench hardcoated parts without risk of 
the coating’s separating from the base metal. 

Due to the lack of ductility of the coatings, very high 
localized loadings can cause penetration of the film such 
as in drilling operations. The resistance to penetration 
is greater for hard-anodized films due to their greater 
density and thickness. 

Combined with the hardness is a low coefficient of 
friction (see Table IL). In addition, hard-anodized films 
can absorb and hold lubricants. The so-called solid lub- 
ricants such as molybdenum disulfide are especially effec- 
tive. This combination provides the solution to seizing 
and galling difficulties with aluminum sliding parts such 
as Class 3 aluminum threads. Dry rubbing of anodized 
surfaces must be controlled, however, to limit localized 
heating and breakdown at the film surface due to the low 
thermal conductivity of the material. An application in 
which it was necessary to maintain absolute cleanliness 
and freedom from contamination in an evacuated instru- 
ment assembly was fulfilled by using hard-anodizing on a 
100-pitch aluminum thread and nut assembly. Here the 
thin coating also served as protection from mechanical 
damage after fabrication and during assembly. (See 
Fig. 2.) 

In another application, it was necessary to cage and 
position the sensitive mass of an accelerometer in its 
aluminum alloy housing. A further requirement was elec- 
trical insulation combined with near-absolute dimensional 
stability and repeatability. A conical end screw with 
0.001 in. hard coat solved the problem (Fig. 3). 

The successful use of anodic film for electrical insula- 
tion depends on proper attention to surface preparation. 
In general, the coat will form over surface irregularities 
and in blind holes of moderate depth, as well as over 
smooth flat surfaces. However, if mechanical loading 
results in excess stress at a point of contact caused by 
some surface irregularity (such as those caused by burrs 
or very sharp corners), local penetration and loss of 
electrical insulation may occur. Therefore, surface prep- 
aration should include designing-in of smooth contours 
as well as the utilization of necessary fabrication meth- 
ods to eliminate burrs resulting from machining opera- 
tions. 

Any deburring operations which would charge the 
aluminum surface with any contaminating material 
should be avoided. This can interfere with the film-build- 
ing process and leave discontinuities in the coating. 

Anodic films may be stripped by immersion in hot 
alkali solutions. They may be then re-anodized, but the 
thickness of the metal originally oxidized is lost. In 
the case of alloys containing appreciable percentages of 
the heavy-metal alloying constituents, the heavy-metal 
oxides and sulfates are not water soluble. Therefore, 
more complex solutions must be employed to remove 
these substances which would prevent the formation of 
a new anodized film free of imperfections. 

The only major defect or fault resulting from hard- 
anodizing aluminum is the severe reduction in fatigue 
strength of the base metal. This could be explained by 
a “crack seeding” phenomenon which initiates stress 
concentration at the base of the macro-porous structure. 
It is not proportional to thickness—at least after the 
formation of an initial 0.001 in. or so of coating. Other 
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mechanical properties such as tensile strength are not 
affected, provided the coating thickness does not become 
a significant part of the total thickness. 

Not all alloys are compatible with the Alcoa and 
Martin processes. Alloys containing higher percentages 
of copper or silicon do not form as thick, hard, or cor- 
rosion-resistant coatings as higher-purity alloys. The 
Hardas process makes it possible to overcome this 
deficiency to some extent. This process produces good 
coatings on a larger class of alloys. 

Ordinarily, the limitation on maximum coating thick- 
ness, which is also a function of the process-heat dissipat- 
ing characteristics of the part, is not a source of serious 
difficulty. Sufficient wear protection and electrical insula- 
tion can usually be obtained with a 0.001 or 0.002 in. 
maximum coating thickness. 

In some applications, close control must be exercised 
over initial machining and hardcoat buildup. On an 
instrument assembly where a_beryllium-copper piece, 
shown in Fig. 4, must be located concentrically and 
yet be electrically insulated from its 6061T6 alumi- 
num-alloy mating part, the hole must be initially con- 
trolled to a tolerance of +0.0001 in. After hard-anodiz- 
ing, it is lapped to a selective fit with a mating beryllium- 
copper piece. 

In designing a part which will be electrically insulated 
by anodize, it must be kept in mind that a bare con- 
ductive spot will be left wherever the piece has been 
held by the anodizing electrodes. For very small parts, the 
racking must be built into the part and removed, perhaps 
by a subsequent machining operation. For example, 
small-diameter experimental insulated guide and dowel 
pins are fabricated by machining an aluminum rod with 
V-grooves or notches and hard-anodizing all over. Next. 
the individual dowels are separated by bending and 
breaking the rod at the notches or, if greater precision 
dictates, by a parting cut at the notches. In this way, 
a continuously insulated outside diameter and corner 
surface is obtained on a piece which would ordinarily 
be extremely difficult to hold (or to find in the bottom 
of the anodizing tank). See Fig. 5. 

The micro-porosity of the coating prevents its use 
as electrical insulation when in contact with polar liquids. 
Any loss of insulation by accidental wetting can be cured, 


-s 


APRIL 1959 


gs! 


Fig. 5—In a rod that is to be cut into smaller pieces, designed-in notching will permit clips to grip the piece during anodizing 
without formation of bare spots on functional insulating areas. 


Fig. 4—Beryllium-copper piece designed to be rotatable in the 
mating hard-anodized instrument assembly. 


however, by a moderate bakeout in a warm oven. High 
humidity or low temperatures have not been found to 
affect the insulating qualities appreciably. 

A surface buildup of approximately 50 per cent of 
the film thickness must be considered in precision assemb- 
lies. However, experience has shown that it is necessary 
to lap to size when accurate dimensions are to be held. 
This is due to two factors. First, it is difficult for a 
vendor to control the various process parameters to 
hold a dimension to tenths of a mil. Second, the com- 
bination of hardness and slight surface roughness which 
varies with the alloy (but which generally increases with 
thickness) interferes with precision fits of parts. Al- 
ternatively, a thin coating (0.0005 in.) may be specified 
if consistent with other requirements. 

It is possible to use conventional electroplating mask- 
ing techniques and materials to control areas of anodize 
formation. It is more economical, however, to avoid this 
necessity by proper design techniques. If this leads to 
difficulties, machining after coating can often be a prac- 
tical solution. O00 
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DESIGN TRENDS 


Automatic High-Speed Screen Printer 
for Printed Circuit Applications 


JOHN E, SENSI* 
DiamMonp OrpNANCE Fuze LABORATORIES 
Washington 25, D. C. 


THE ELECTRICAL CHARACTERISTICS of 
printed circuits are often dependent 
on the techniques used in fabricating 
the individual components of the cir- 
cuit. Therefore, during the develop- 
ment of printed-circuit components, 
it eventually becomes necessary to use 
machinery similar to that which will 
be used in production so that the 
evaluation of new components can be 
made in the light of problems peculiar 
to automatic production machinery. 
In 1951, the Universal Match Co. 
designed and built a screen-printing 
machine intended for use in feasibility 
studies of mechanized production of 
printed circuit elements. More 
recently, a need arose at the Diamond 
Ordnance Fuze Laboratories for a 
means of printing conductive patterns 


*Now with Glass Research Center, Pittsburgh Plate 


Glass Co., Pittsburgh 38, Pa 


on test lots of ceramic base plates by 
simulated mass-production methods 
and it was decided to adapt this ma- 
chine to the new requirements. 

In order to do so, the machine was 
extensively modified for the following 
purposes: (1) to make its design con- 
sistent with current  printed-circuit 
production technology; (2) to regu- 
late, with greater precision, the in- 
dexing and printing operation; (3) to 
change the wiping action from two 
strokes to one stroke for each plate 
in order to improve definition of the 
printed pattern; (4) to facilitate the 
automatic feeding of plates through 
the machine; and (5) to eliminate 
jamming and breaking of plates at the 
feed and take-off ends. Therefore, the 
printing head of the machine, the 
driving cam mechanism for the ink 
wiper, and the feed mechanism were 
completely redesigned. Major portions 
of the take-off mechanism and the con- 
veying and indexing mechanisms were 
also redesigned or reworked. A de- 


Top view of automatic screen printer showing, from right to left, feeding, printing 


and take-off mechanisms. 
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tailed view of the feeding, conveying, 
printing and take-off mechanisms of 
the modified screen printer is shown 
in the accompanying photograph. 

This machine has proved satisfac- 
tory for the purposes of this study. 
The maximum output rate of the ma- 
chine is over 6000 printed plates per 
hr, but an operation at approximately 
2000 plates per hr yields as many 
plates as can now be handled in the 
laboratory. 

During a typical run of this machine 
at a rate of 2000 plates per hr, 189 
consecutive plates, constituting seven 
complete cycles of the conveyor chain, 
were measured to check the accuracy 
of indexing. In the direction perpen- 
dicular to the line of motion of the 
conveyor, 100 per cent of the plates 
were printed to within 0.006 in. In 
the direction of the line of motion ef 
the conveyor, 94 per cent were printed 
within +0.0075 in. Although the cir- 
cuit design allows an overlap of re- 
sistors on conductors of 0.020 in., be- 
cause the indexing precision of the 
resistor printing operation permits 
smaller tolerances, 0.0075 in. was 
chosen as the maximum tolerance for 
acceptable printed plates. 

Although the indexing precision of 
this machine has been satisfactory for 
present requirements, the indexing 
could be changed to increase the pre- 
cision by incorporating a floating-type 
printing head that will index itself 
with each carrier on the conveyor 
chain by the use of two cone-shaped 
pins on each carrier and two corre- 
sponding tapered holes on the bottom 
of the floating printing head. This 
modification would make less critical 
the present requirement that the con- 
veyor chain and indexing device pre- 
cisely orient each carrier plate in the 
same relative position with respect to 
the pattern on the screen. 

\ difficulty arises in operating this 
machine, in its present form, at rates 
over 4000 plates per hr. This is a 
tendency of the plates to slide forward 
on the conveyor-chain carriers and 
cause jamming of the chain. 

This difficulty was alleviated to some 
extent by the use of leaf springs to 
keep the plates in place on the con- 
veyor carrier. The problem is some- 
what more complicated on the take-off 


ELECTRICAL MANUFACTURING 





side of the printing head because care 
must be taken not to smear the wet 
printed pattern. It is felt that this 
problem could be overcome by using 
spring-loaded members to apply con- 
tinuous pressure against the edge of 
the ceramic plate during its entire 
travel on the machine. 

Use of the present take-off racks, 
shown in the illustration, limits the 
size of plates that this machine can 
handle. This limitation has not been 
a problem in these laboratories since 
it has been found convenient to use 
plates of one size for most of the test 
and evaluation work. It is felt that, in 
a production situation, the take-off end 
of the machine should be modified to 
feed directly into trays or onto a con- 
veyor belt which would carry the 
printed plates directly into a furnace 
for firing the silver onto the ceramic. 
If this were done, modifications to 
this machine to permit handling dif- 
ferently sized and shaped plates would 
be greatly simplified. At the feed end, 
the stack would have to be changed 
to suit the particular plate but the 
pusher mechanism would remain es- 
sentially the same. The carriers on the 
conveyor chain, and the guides which 
restrain the plates laterally as they 
are being conveyed, would have to be 
modified for plates of different sizes. 

The wiper mechanism on the print- 
ing head of this machine is designed 
so that the wiper blade pressure on 
the screen containing the pattern to 
be printed can be varied. 

Whereas the original wiper blades 
were straight, the new blades are set 
at an angle. Therefore, when the wiper 
moves in one direction, the silver paint 
is led to one end of the wiper blade 
and, on the return stroke, it is forced 
to the opposite end. Thus the silver 
paint or ink is kept in the center of 
the screen. 

The angular orientation of the wiper 
blades in this machine proved to be 
an improvement over the original 
straight wiper blade. However, some 
silver still travels around the ends of 
the blades. In deciding on the type of 
wiper blade to use, caution must be 


exercised so that the particular shape 
of the blade will give even pressure 
over the entire width of the pattern. 


The principal application for this 
machine to date has been the printing 
of conductive patterns, but it can also 
be used for printing 
applying protective coatings. 

This machine could be modified for 
use in the production of microminia- 


resistors and 


ture electronic circuits. A discussion 
of mechanisms that could be used to 
adapt this machine to microminiature 
applications is available.* OOO 


*Production Equipment for Microminiature Mod 
ules,”’ J. E. Sensi, Electronic Design, Vol. 7, No. 4 
(February 18, 1959). 
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Constant-Speed Drive 
for Airliner A-C System 


FoR THE FIRST TIME in a commercial 
airliner, primary electrical power in 
the Boeing 707 Airliner is constant- 
frequency a-c. The power sources are 
a-c generators mounted on the engines, 
Fig. 1. Until recently the few a-c sys- 
tems that had been developed for air- 
craft were largely confined to military 
applications. Standard airplane elec- 
trical systems supplied d-c from d-c 
generators. Where a-c was required it 
was supplied either by auxiliary gen- 
erators or by inverting part of the d-c. 
In the 707 this approach has been re- 
versed; the primary system produces 
a-c, and d-c is obtained through trans- 
former-rectifier units. 

Along with the growth in airplane 
size has gone an increase in the use 
of a-c circuits. Large airplanes par- 
ticularly have a variety of uses for both 
a-c and d-c. Although d-c is a necessity 
in certain control functions, general re- 
quirements for its use have not kept 
pace with those for a-c as airplanes 
have grown larger. The preference for 
a-c stems in part from the inherent ad- 
vantages of various types of a-c equip- 
ment. Motors are a good example to 
demonstrate this advantage. If 3-phase 
a-c motors can be used instead of d-c 
motors, an appreciable saving in weight 
results; the larger the motor the greater 
is the weight advantage. 

One of the obstacles to the most 
effective use of a-c generators in air- 
craft has been the problem of control- 


Fig. 1 
left side of Boeing 707 engines. 


ling frequency. Variations in frequency 
prohibit parallel operation of several 
generators. If parallel operation is not 
possible, each generator must operate 
as part of an isolated electrical system 
with obvious disadvantages. Constant 
frequency is inherent in an a-c system 
only if the generator is driven at a 
constant speed. Airplane engines, 
whether piston or jet, will not do this 
directly. Several methods of driving an 
aircraft generator at constant speed 
have been developed. The most depend- 
able of these has proven to be a device 
that permits the generator to be driven 
indirectly by the engine. A constant- 
speed transmission separates the gen- 
erator from the engine, receiving an 
input from the engine and providing 
an output to the generator. Variations 
in engine speed are adjusted by the 
transmission, which is a variable-dis- 
placement hydraulic pump and a con- 
stant-displacement hydraulic motor. 
Built-in governing and control mech- 
anisms adjust the output of the pump 
to compensate for variations in engine 
speed and for variations in the load 
on the generator. 

The constant-speed drive (CSD) 
used on the Boeing 707 is built by 
Sundstrand Aviation. The drive’s prin- 
cipal operating characteristics are 
shown in Fig. 2. It will be noted that 
a constant-speed output can be ob- 
tained through a range of engine 
speeds from below idle to above 100 
per cent speed. The values for engine- 
shaft speed shown in Fig. 2 represent 
the speed of the high-speed compressor 
of the engine. The engine accessory 
section including the CSD is driven 


An a-e generator and its constant-speed drive (CSD) are located in the lower 
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from the drive shaft of this compressor. 
Because of a gear reduction through 
the accessory section, the actual drive 
input is less than the engine-shaft speed 
shown. Figure 2 also shows that the 
constant speed is 6000 rpm, giving a 
frequency of 400 cycles from the gen- 
erator, a frequency that is a good com- 
promise of several conflicting considera- 
tions and has standard for 
a-c systems in airplanes. 
Conventional a-c generator 
involves excitation of the 
main field by a small d-c 
exciter. 


become 


design 

generator’s 
generator or 
The commutator and brushes 
usually required for the latter lead to 
maintenance problems and other diffi- 
culties. The generators on the Boeing 
707 are of a brushless type made by 
Fig. 3. Besides 
to commercial aviation, 
synchronous generators relatively 
new to the electrical industry. The 
largest single factor in this trend has 
been the development of silicon recti- 
fiers that rotate with the generator’s 
field windings. The source of exciter 
current for the rotating field in the 
brushless generator is a small a-c gen- 
erator rotating in a controlled d-c field. 
The output of the exciter generator is 
fed through the silicon rectifiers con- 
tained in the hollow shaft of the gen- 
erator. The resulting d-c passes to the 
main field windings rotating on the 
same shaft. The a-c generated in the 
stationary armature is 3-phase, 200 
volts line-to-line. 

Voltage control of each generator is 
obtained through the use of a West- 
inghouse regulator. The regulator is a 
static unit utilizing generator output 
for power. A controlled portion of this 
power is returned to the generator ex- 
citer field. Through electronic and 
magnetic circuits, the regulator senses 
and corrects voltage variations in gen- 
erator output. O00 


Westinghouse, being 


new brushless 


are 


Fig. 3—The brushless generator used in 
the airliner a-c system is 3-phase to use 
iron and copper more efficiently and 
save weight. 
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Adjustable Nonlinear 
Function Generator 


THE BEST FEATURES of a_ precision 
multiturn potentiometer and a variable 
autotransformer are combined in a 
single device known as the Vernistat 
to obtain an analog voltage from shaft 
rotation. The autotransformer in the 
unit has 31 taps (Fig. 1) to provide 31 
discrete voltage levels. Interpolation 
between these levels is accomplished 
by a one-turn toroidal potentiometer, 
tapped portions of which are switched 
sequentially between the autotrans- 
former taps. The switching of these taps 
is synchronized with the movement of 
the potentiometer output wiper. With 
two potentiometer taps connected to 
two adjacent autotransformer taps, the 
output is a smooth linear voltage inter- 
polation. A third potentiometer tap 
is switching during this time to the 
autotransformer tap and is in 
place when the wiper begins interpola- 
tion between the next two taps. This 
provides for a continuous and linear 
output throughout the entire voltage 
range of the autotransformer. 
Construction of the Vernistat is 
shown in the exploded view of Fig. 2. 
The potentiometer assembly holds the 
potentiometer with its three taps and 
associated wipers which make contact 
with the autotransformer commutator 
segments on the autotransformer. The 


next 


Speed-regulating action of the constant-speed drive for airplane a-c generator 


planet gear on which the potentiometer 
assembly is mounted is supported on 
an eccentric section of the shaft so that 
the inner and outer gears are in con- 
stant mesh. The outer gear has one 
less tooth than the inner so that the 
potentiometer assembly advances the 
distance of one tooth for each rotation 
of the control shaft, thus causing the 
potentiometer taps to advance along 
the taps of the autotransformer. A 
limit-stop arrangement consists of a 
pile of stop washers which act directly 
between the shaft and the main hous- 
ing to provide positive stopping action. 
Stops may be eliminated and the Verni- 


Output 


Fig. 1—Schematic of principle involved 
in Vernistat a-e potentiometer (Perkin- 
Elmer Corp., Norwalk, Conn.). 
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stat can operate as a continuously rotat- 
ing multiturn potentiometer. 

A recent variation of the Vernistat 
has been developed in the form of an 
adjustable function generator (Fig. 3). 
In this unit, the standard Vernistat 
autotransformer has been replaced by 
a 3l-pole, 101-position printed-circuit 
switch. The horizontal axis of the func- 
tion generator corresponds to shaft ro- 
tation of the interpolating unit over a 
range of 3,600 deg., and the vertical 
axis corresponds to 100 equal voltage 
increments taken from a 100-tap auto- 
transformer. By positioning the 31 slid- 
ing switches with respect to these 100 
voltage-level increments, it is possible 
to obtain an output which can repro- 
duce any mathematical or empirical 
function including even those with mul- 
tiple slope reversals. 

The panel design of the function gen- 
erator not only gives a visual presen- 
tation of the output function but also 
allows for changes to be made quickly 
by moving any one of the sliders. Due 
to low output impedance and resulting 
power-dissipation limitations in the in- 
terpolating potentiometer, the maxi- 
mum vertical slope of the function is 
limited to 12 to 20 volts between ad- 
jacent points. The function generator 
can be used at frequencies from 20 to 
5000 cps. At 400 cps, input is nominally 
rated at 130 volts, and use at the lower 
frequencies requires proportionate re- 
duction of the input voltage. Special 


Magnetic Readout 
in Shaft-Digital 
Encoder 


THE ABSENCE OF any sliding electrical 
contact is used to prolong the life of a 
new, magnetic-readout, shaft-position 
to digital encoder developed by the 
Allied Science Corp. of Princeton, 
(N. J.). The new concept used in the 
encoder lends itself to the design of a 
simple, reliable unit which is unaf- 
fected by heat or cold, humidity, dirt 
and dust, and other environmental con- 
ditions that impede the reliability and 
life of similar units operating on the 
basis of mechanical or optical contact. 

The magnetic principle used in 
ASCOP’s Model EPD-3 is similar to 
that used in computer memories. A 
shaft-mounted barium ferrite disk is ra- 
dially spot-magnetized in discrete code 
spots arranged in concentric tracks 
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Fig. 2—Exploded view of Vernistat showing (left to right) endcap; bezel; autotrans- 
former-commutator assembly; potentiometer wiper, slip ring, and stop assembly; 
outer housing. 


Fig. 3—Vernistat combined with printed-circuit slider switch to give an adjustable 
nonlinear function generator. 


transformers can be provided when 470 ohms, depending upon model. Each 
necessary for use at high frequencies. slider may be adjusted to within +0.5 
Maximum output impedance is 130 or per cent of any required voltage. O O O 


Fig. 1—Two principal parts of magnetic readout encoder are spot-magnetized barium 
ferrite disk at left and fixed pickup toroids at right. 
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around the wheel (Fig. 1). Above each 
track a small ferrite toroid is mounted. 
When the toroid is above a magnetized 
spot, the spot’s magnetic field causes 
the toroid to saturate (Fig 2). When 
a constant-current interrogating pulse 
is passed through the toroids, a voltage 
pulse is induced in those which are 
not in a magnetic field at the time. 
Parallel outputs from the toroids then 
indicate in a binary code the exact an- 
gular position of the ferrite disk within 
'%% deg whether it is at rest or fotating 
as fast as 10,000 rpm. 

The output impedance of an unsat- 


urated toroid is approximately 70 ohms, 
while the impedance of a saturated 
toroid is so low it cannot be measured. 
Depending on the interrogating pulse 
used, output pulses of several volts may 
be obtained. Under these conditions the 
unwanted or noise output of a saturated 
toroid is in the microvolt region. Be- 
cause of the type of readout, shaft po- 
sitions can be read on demand at any 
desired rate up to 5 me per sec. Since 
torque is low (breakaway torque is 0.2 
in.-oz.), the encoder puts practically no 
load on the shaft to which it is attached. 

The new encoder is 3°4 in. in diam 
and 1.39 in. long. It has 5 threaded 
holes for face mounting on a 3.364 in. 
diam. OOO 


-* Fer a 
ae interrogate puise ’ 
a ‘ ‘ ‘ 
' 


ferrite disk 


Fig. 2 


gating pulse. 


’ ‘ 
yy ‘ 


Magnetized code 
tracks (not visible) 


Schematic showing how output pulses are obtained from toroids by interro- 


3-D Controlled Electro- 
magnetic Support 


ALTHOUGH ELECTROMAGNETIC SUPPORT 
systems date back to the late 1930’s, 
servo position control has so far been 
limited to the axis of the applied field; 
stability in lateral directions has been 
a function of field shape. At the recent 
AIEE Conference on Magnetism, two 
methods for obtaining servo control of 
a spherical ferrite rotor along each of 
three orthogonal axes were presented 
by A W. Jenkins, Jr. and H. M. Parker; 
H. S. Fosque and G. H. Miller (all of 
the University of Virginia Ordnance 
Research Lab). They reported success- 
ful lab demonstrations of the support 
arrangement illustrated. (A second sup- 
port arrangement is  similiarly con- 
structed except that the angle of all 
three coil pairs to the magnetization 
vector M, of the rotor is tan''/ 8 and 
that of the resultant mutually perpen- 
dicular forces is tan'/ 2. Ideally, 
the orthogonal forces in both systems 
are uncoupled, and displacements are 


Coil arrangement (one coil of each pair) for 3-D control of electromagnetically 
supported ferrite rotor with one coil axis in direction of magnetization. The 
two coils along each axis are connected in series opposition so that field intensity 
at center of centered sphere is zero. (Source: University of Virginia Ordnance 
Research Laboratory.) 
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purely a function of acceleration forces. 
In the experimental setup an elec- 
tromagnet is used to saturate a 14-in. 
ferrite sphere rotor in the Z direction. 
For position sensing, in say the X-Y 
plane, two light beams are directed 
onto the rotor and pairs of phototubes 
positioned to detect intensity changes 
of either beam when the sphere is dis- 
placed. Each phototube pair feeds a 
differential amplifier to minimize ef- 
fects of light-source intensity changes 
and ball movements in the Z direction. 
Sensor output signals of both sphere 
displacement and rate of change of 
displacement are used to control the 
currents through the support coils. 
Primary difficulty with this initial 
coil arrangement is the optical feed- 
back mechanism. The second proposed 
system, now under construction, has a 
symmetrical coil 


more arrangement 


and all three force axes “clear” the 
coil axes. In the experimental setup 
the sphere could be confined under 
steady state or transient accelerations 
of 2 g in any direction. Many indicated 
improvements point to an eventual 20-g 
acceleration capability, suggesting in- 
teresting applications in the acceler- 
ometer and gyro fields. 000 


Optical Measurement 
Defines 
Commutator Skew 


THE TERM “skew” as used with refer- 
ence to the bars or segments of com- 
mutators has been ambiguous and open 
to various interpretations, often leading 
to misunderrtanding between electrical 
equipment designers, users of commu- 
tators, and the makers of commutators, 
Discussions of skew and engineering 


ke Skew 


~Segment 


Fig. 1—Skew of commutator segments. 
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Fig. 2—Optical system for skew measure- 
ment using microscope. 


references to the factor can now be 
given a definite basis through the use 
of a simple optical method of commu- 
tator skew measurement developed and 
approved by the Commutator Section 
of the National Electrical Manufac- 
turers Association. 

As defined by the Commutator Sec- 
tion’s General Engineering Committee, 
skew occurs when a commutator seg- 
ment is not parallel to the center line 
of the commutator bore. It is measured 
at the edge of the bar through the brush 
track length, Fig. 1. The length of a 
commutator segment exclusive of the 
portion provided for lead connection is 
considered to be the brush track length. 

For the specified method of skew 
measurement, the only equipment re- 
quired is a microscope and means for 
holding and rotating the commutator 
under examination, Fig. 2. The micro- 
scope or optical comparator must have 
magnification and be 
equipped with a reticule graduated in 


10th power 


divisions of 0.001 in., overall scale of 
0.060 in., 
hairs arranged in a horizontal pattern. 


and graduations and cross- 
The recommended method calls for 
the commutator to be mounted in posi- 
tion with the cross-hairs of the optical 
system aligned on the intersection of 
bar edge and one extreme end of the 
brush track. The amount of skew is 
then measured on the graduated scale 
of the optical system. The commutator 
to be examined must be prepared by 
having its brush track machined so as 
to show a clear delineation between 
copper and mica, while maintaining 
concentricity and bore to within 0.002 


in. with the commutator bore as fur- 
nished. 0o0o°o 


Aluminum Welded 
Transformer Cases 


STEEL TRANSFORMER CASES rust out in 
marine atmospheres within three to five 
years. Leakage of oil causes transform- 
ers to heat up and burn out. The Miller 
Transformer Manufacturing Co., Port- 
land, Oregon, realized that aluminum 
tanks would solve the corrosion prob- 
lem and disperse heat faster, adding 
life to the coil. Maintenance costs 
would be greatly reduced, since non- 
corrosive aluminum tanks do not re- 
quire painting. 

The cylinder of the tank was roll- 
formed from No. 5356 sheet aluminum 
1 in. thick. Top and bottom were cast 
of No. 4043. Trouble came in welding 
the light sheet to the thicker castings. 
Arc welds were porous, cracked easily, 
and were taking too much production 
time. 

After whole 


reviewing the setup, 


Completed 50 kva unit shows fittings and 
cooling fins welded in place with No. 
5356 aluminum welding rod (All-State 
Welding Alloys Co., Inc.). Aluminum 
case requires no painting. 
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Welders Supply Co., Inc. came up with 
two recommendations: 

1. Meticulous care in sanding and 
cleaning the aluminum before welding. 

2. Use of tungsten inert-gas (TIG) 
welding with a Type 5356 aluminum 
rod. 

The No. 5356 sheet is rolled into 
cylindrical shape, sanded free of oxide, 
and tack welded with a water-cooled 
hand torch by a Miller 300-amp a-c 
high-frequency welding machine. The 
cylinder is then fitted over the bottom 
casting and tack welded to it. All seams 
of the sheet aluminum are then TIG 
welded, forming an open-top tank. Fit- 
tings and cooling fins (see illustration) 
are then welded to the sides of the 
tank, 

The coil or winding is inserted into 
the tank and the top casting sealed. 
Weather heads to protect electrical 
connections are then welded on, using 
a 2 per cent thoriated tungsten non- 
consumable electrode shielded with 
argon gas. 

In addition to manufacturing econ- 
omies, the new aluminum transformer 
cases are light in weight, non-corrosive, 
non-leaking, cooler in operation, and 
require a minimum of maintenance. 

OOC 


Taut-Band Suspension 
in New Meter Design 


By SUSPENDING THE MOVING COIL on 
thin metal bands rather than mounting 
it on jewel pivots or by means of a 
hairspring, designers at Hickok Elec- 


trical Instrument Co. have achieved 
new degrees of sensitivity and reliabil- 
ity in their small panel-meter lines. 
Ever since the original introduction of 
the D’Arsonval movement, meter engi- 
neers have sought to improve the means 
by which the coil and other associated 
moving parts are mounted. The elimi- 
nation of wearing parts or frictional 
forces in the new design does away with 
the principal causes of inaccuracy and 
poor reliability found in most meters 
of conventional pivot or hairspring de- 
sign. 

The original galvanometer suspen- 
sion design, forerunner of the taut- 
band principle, dates back to 1884. 
However, until very recently it was 
restricted to use in moving-coil instru- 
ments with a vertical axis of movement 
and with a very short scale arc. These 
original suspensions were limited in 
their use due to design cencepts that 
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Roiating parts of D’Arsonval movement 
pivot friction in newly developed meter. 


made them impractical for panel-mount- 
ed meters with any reasonable length of 
scale arc. They also did not lend them- 
selves to production techniques which 
would give repeatability and fidelity in 
application. Many previous suspension 
designs resulted in meters having errors 
due to mechanical hysteresis and heat 
and were cumbersome in size. The taut- 
strip principle has been made practical 
in the new design by utilizing a new 
alloy which 
strip length (see figure). The taut strip 


permits shortening the 
also carries current and provides re- 
storing torque. 

The new units have passed the vibra- 
tion, mechanical and high impact test 
called for in MIL-M-10304A. The ten- 
sion bands are protected from both 
lateral and longitudinal shock by mo- 
tion-limit stops and shock absorbers. 
The new movement permits measure- 
ment of a-c voltages and currents at 
frequencies between 1 and 5 cycles and 
as low as 0.6 cycles through simple 
damping. Meters with 100 deg arc 
faces are available in all panel styles 
of housings in the following types: a-c 
iron vane, a-c dynamometer, and d-c 
meters. Special meters with 250 deg 


ARMATURE 
AND CORE 


POINTER 


TAUT BAND 
—~ SUSPENSION 


TENSION 
SPRING 


ZERO 
REGULATOR 


are suspended by taut bands to eliminate 


are scales are also available. Sensitivity 
is as low as 2 microamp d-c, full scale. 
Standard accuracy is 114 per cent of 
full-scale deflection with accuracy to 
14 per cent available in specials. OO O 


Switch Improved 
with One-Piece 
Molded Button 


By REDESIGNING from a two-part plastic 
and metal assembly to a one-piece pre- 
cision-molded nylon part (Fig. 1), the 
Square D Company, Milwaukee, has 
produced a switch with more accurate 
operating characteristics and a_ tre- 
mendously extended service life. Preci- 
sion snap switches are used as limit 
switches for small machine tools and 
as basic contact mechanisms in many 
other industrial control devices. 

A check of operating characteristics 
after 40 million operations revealed 
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Naugatuck VIBRIN LIQUID POLYESTER RESINS 


NEW POTTING COMPOUND 
COSTS YOU LESS! 


Compare these costs! 


GENERAL-PURPOSE NEW 
POLYESTER VIBRIN X-1088B 


Specific gravity 1.12 Specific gravity 1.04 
Lbs. per drum 500 Lbs. per drum ee 
Cost at $.34/ib. $170 Cost at $.34/ib. $157.76 

Saving per drum $12.24 


te TIR Ee Saale! 
per pound $.0245 


New VIBRIN X-1088B is a proven coating and potting compound that offers all these cost- 
saving features: 


costs less to use than general-purpose gives low shrinkage and low exotherm 
polyester. Lower specific gravity means less 
cost per volume, less cost per part ; ; : ; : s ; 
coots far less than epenies low viscosity gives high filler capacity with 
ease of impregnation 


permits controlled gel and cure 


reduces cure time considerably 


Need unusual heat resistance? VIBRIN 136A gives excellent protection at sustained tempera- 
tures of 500° F—intermittent service up to |000°F! 


Whatever your product, whatever the potting compound you now use, better look into VIBRIN" 
potting resins thoroughly. See for yourself how you'll save! 


United States Rubber 


° @ 6 442-V Elm Street 
Naugatuck Chemical Division navgatuck, Connecticut 


Rubber Chemicals * Synthetic Rubber « Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 


DIST. OFFICES: Akron * Boston * Gastonia * Chicago * Los Angeles * Memphis * New York ¢ Phila. * CANADA: Naugatuck Chemicals, Elmira, Ont. * CABLE: Rubexport, N.Y. 
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DESIGN TRENDS 


Flutes Lock Plastic Parts 
against Shock and Vibration 


Moided 
button 


uniess stee 
nserted 
cemented 

"to buffor 


piece moided 
rating button and stem 


Fig. 1—Basic switch for a number of 
limit controls and other contact mecha- 
nisms, the new switch (bottom) was 
designed to make use of nylon’s excellent 
mechanical properties. The vital operat- 
ing button and stem is molded of nylon 
on special automatic machines by Gries 
Reproducer Corp. of New Rochelle, N.Y. 
The original design (top) used a two- 
part operating button. 


A new self-fastening principle makes instantaneous insertion and locking possible 
for a wide variety of plastic parts. Applications include electrical terminals, cable 
support clamps (as illustrated) and tip jacks. The design eliminates the need for 
threads, nuts, lockwashers and other fastening hardware and provides exceptional 
holding power. The patented “Pushlock” feature consists of a series of molded flutes 
extending radially from a plastic stud. When the stud is pressed into a hole of the 
proper size, the flutes deflect and their tendency to return to their original position 
creates outward pressure. The “Pushlock” principle was developed and is produced 
by Whitso, Inc. of Schiller Park, II. 


that the switch with the one-piece nylon 
molding approximated the action of a 
brand-new switch to within 16 per cent, 
Fig. 2, After a corresponding period of that the operating button and stem 
service the switch of older design had must be formed to extremely close tol- 
allowed operating characteristics to erances. These critical dimensions 


teristics of pre-travel, differential, over- 
travel and operating force. The new 
one-piece design uses nylon because of 
its combination of toughness and abra- 


deteriorate by 65 per cent. 
To produce the precision action re- 
quired by this snap switch it was found 


must remain basically unchanged in 
hard service. Uniformity is necessary 
to maintain switch operating charac- 


sion resistance, as well as its electrical 
insulating qualities. 000 


c — . 
/ Difference in orea 

/ =/6 % of brand 

Se rn new performance 





—L Difference in orea 
65% of brand 

new performonce 

| == = 

| airrer 40x/0° = 
operations = 














eee ae 
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Stroke, 0.00! in Stroke ,0.00) in 


cycles of operation. The area enclosed by each curve is a 


Fig. 2—Performance curves show action of both the old switch 
criterion of switch action. 


design (left) and of the new one-piece molded-nylon button 
design (right) when the switches were new and after 40 million 
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TECHNOLOGICAL LEADERSHIP IN SEMICONDUCTORS 


EFiow semiconductor dice are 
“loadecd”’ for better transistors 


The silicon or germanium die is the simple refinement makes important contribu- 
heart of the transistor. Precise thick- tions to a better, more uniform transistor. It 
ness is vital to the transistor’s per- eliminates damage and contamination of the 
formance and must be measured within dice, both difficult to avoid in now obsolete 
a few ten thousandths. At Sylvania hand-tweezer feeding. 
this is accomplished by combining the 
roller micrometer principle with an 
ingenious unit-feed mechanism developed by 
Sylvania engineers. 


At Sylvania, technological achievements like 
the automatic unit-feed mechanism are in 
progress every day. Always, the objective is 
to produce the best possible transistor at the 
For the circuit designer, this seemingly lowest possible cost. 


SyLVANIA ELectric Propucts INc. 
Hy Semiconductor Division 
100 Sylvan Rd., Woburn, Mass, 


LIGHTING ¢ TELEVISION ¢ RADIO «© ELECTRONICS + PHOTOGRAPHY + CHEMISTRY-METALLURGY 
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Association Activities 


Program Completed for 


Fourth Design Engineering Conference and Show 


The technical papers program has been 
completed for the Fourth Design En- 
gineering Conference to be held con- 
currently with the 1959 Design Engi- 
neering Show at Convention Hall, 
Philadelphia, May 25-28. The confer- 
ence is sponsored by the Machine De- 
sign Division, American Society of Me- 
chanical Engineers. Papers were ar- 
ranged by a special ASME Auxiliary 
Papers Committee composed of Robert 
E. Abbott, Product Engineering; Colin 
Carmichael, Machine Design; Henry R. 
Clauser, Materials in Design Engineer- 
ing; and Frank J. Oliver, ELectricaL 
MANUFACTURING. 

The conferences on Monday and 
Thursday will cover broad areas of in- 
terest to all design engineers and en- 
gineering managers. The opening ses- 
sion will deal with engineering design 
overseas. The closing session will deal 
with organizational problems. Three 
simultaneous sessions dealing respec- 
tively with mechanical design, materi- 
als, and applications of power and con- 
trol will be held on each of the two 
middle days of the four, beginning at 
9:30 A.M. 

The exposition, produced by Clapp 
& Poliak, Inc., New York, has grown 
to be one of the largest annual indus- 
trial shows in the country. More than 
four hundred companies will exhibit 
and more than 20,000 visitors are ex- 
pected. 

The program follows: 

Monday, May 25: “Engineering De- 
sign in Germany,” H. Walter, director 
of research, Worthington Corp., Harri- 
son, N. J. 

Tuesday, May 26 (concurrent ses- 
sions): MAarertats — “Latest Develop- 
ments in Plastics for High-Temperature 
Service,” I. J. Gruntfest, materials 
studies, Aerosciences Laboratory, mis- 
sile and space vehicle department, Gen- 
eral Electric Co., Philadelphia; “Latest 
Developments in Metals and Ceramics 
for High-Temperature Service,” J. J. 
Harwood, head, metallurgy branch, 
Office of Naval Research, Department 
of the Navy, Washington, D. C. 

Power AND Controt — “Variable- 
Speed D-C Drive Systems,” M. H. Sluis, 
electrical engineer, Pratt & Whitney 
Co., Inc., West Hartford Conn.; “D-C 
Conversion Devices,” J. J. Rheinhold, 
vice president, Richardson-Allen Corp., 
College Point, N. Y. 


178 


MEcHANICAL—“Design and Applica- 
tion of Belts, Chains and Gears,” E. S. 
Cheaney, W. C. Raridan and C. L. 
Paullus, principal engineers, product 
development division, Battelle Me- 
morial Institute, Columbus, Ohio; 
“Clutch Fluid-Coupling Torque Con- 
verter, Application Considerations and 
Performance Comparisons,” R. W. 
Bachmann, application engineer, hy- 
draulic division, Twin Disc Clutch Co., 
Rockford, Ill. 

Wednesday May 27 (concurrent ses- 
sions): Materitats — “Latest Develop- 
ments in Materials to Resist Chemical 
Corrosion,” S. W. Shepard, materials 
engineer, Chemical Construction Corp., 
New York; “Latest Developments in 
Materials and Coatings to Resist At- 
mospheric Corrosion,” E. B. Friedl, 
principal chemist, corrosion research 
division, L. J. Nowacki, assistant chief, 
organic coatings research, and W. H. 
Safranek, assistant chief, electrochemi- 
cal engineering division, Battelle Me- 
morial Institute, Columbus. 

Power ANd Contro_—‘Digital Sys- 
tems for Control Applications,” I. L. 
Auerbach, president, Auerbach Elec- 
tronics Corp., Narberth, Pa.; “Logic 
Circuits for Machine Control,” E. V. 
Weir, consulting engineer, Magnetics, 
Inc., Butler, Pa. 

MECHANICAL — “Design Curves for 
Journal Bearings,” D. F. Hays, research 
engineer, mechanical development de- 
partment, research laboratories, General 
Motors Corp., Warren, Mich.; “Which 
Bearing and Why?” A. O. DeHart, 
research engineer, mechanical develop- 
ment department, research laboratories, 
General Motors Corp., Warren, Mich. 

Thursday, May 28: GENERAL ENcI- 
NEERING——“A Graphic Method for Engi- 
neering Organization,” E. M. Ramberg, 
vice president—engineering, and R. P. 
Dominic, assistant to vice president— 
engineering, Titeflex, Inc., Springfield, 
Mass.; “The Man and the Organiza- 
tion,” M. M. Bruce, vice president and 
director, psychological services, Clark, 
Channell, Inc., Stamford, Conn. 


AIEE Subcommittee on Component 
Specifications 

The Subcommittee on Component 
Specifications of the AIEE Feedback 
Control Systems Committee met on 
February 4 in conjunction with the 


Winter General Meeting. Chief purpose 
of the meeting was to make plans for 
the Control System Components Con- 
ference to be held in Dallas November 
5 and 6, 1959 during the National Auto- 
matic Controls Conference. Subcom- 
mittee Chairman D. D. Pidhayny out- 
lined the basic areas to be covered at 
the conference: (1) the application of 
control system concepts into the speci- 
fication of components, (2) the use 
of dynamic response testing for com- 
ponent measurements, and (3) the re- 
action of industry to these two concepts. 

Specific component areas to be dis- 
cussed in separate sessions at the con- 
ference are: electrical and fixed mag- 
netic (Reuben Lee, chairman); me- 
chanical and electromechanical (W. E. 
Sollecito, chairman); hydraulic and 
electrohydraulic (John Gibson, chair- 
man); and instrumentation (F. Winter- 
kamp, chairman). Detailed programs 
of the sessions will be available about 
June 1. 

In a formal session at this winter’s 
meeting, conference papers were pre- 
sented by members of the Subcommit- 
tee on hydraulic transfer valves, motor 
tachometers, gyros, magnetic ampli- 
fiers and transformers. Further work 
in these areas is planned by the Sub- 
committee, with new studies to be con- 
ducted on analog-to-digital conversion 
devices, variable reactance and linear 
differential transformer-type transduc- 
ers, d-c tachometers, a-c servo motors 
and resolvers. Papers in these areas 
will be presented at the 1960 Winter 
General Meeting. 


Program Announced for Electronic 
Components Conference 

Program for the 1959 Electronic Com- 
ponents Conference to be held May 6-8 
at the Ben Franklin Hotel in Philadel- 
phia follows: 


Wednesday, May 6 
Session I 9:00 A.M. 


Keynote address, Jack A. Morton, vice 
president, Bell Telephone Laboratories, 
“New Directions in Component Develop 
ment.” 

10:00 a.m. 
High Speed Data Processing 


Session IT 


“Functional Components,” R. J. Cypser, 
IBM Corp.; “Magnetic Domain Switching 
in Evaporated Magnetic Films,” David W. 
Moore, Servomechanisms Inc.; “The Fab 
rication and Properties of Memory Ele- 
ments Using Electrodeposited Thin Mag- 
netic Films,” I. W. Wolf and H. W. Katz, 
G. E. Electronics Laboratory, and A. F. 
Brain, Stanford Research Institute; “A 
Microminiature Ferroelectric Digital Stor 
age System,” R. A. Fotland, Horizons, Inc. 


Session III—2:00 p.m. 


Transmission Devices 


“Microwave High Speed Switch,” R. F. 
(Continued on page 180) 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


TYPICAL SIGNAL FROM ONE OR ALL OF THESE 


CONTROLLED 
RECTIBIER 


Fh 


MOTOR STARTER 


CONTROLS ANY ONE OF THESE 


STATIC CONTROL 
COMPLICATED? 


DON’T YOU BELIEVE IT! 


An engineering friend of ours work- 
ing on blast furnace controls uses a 
CONTROL switching reactor to take 
signals from a series of limit switches, 
temperature controllers, and relays to 
operate the solenoid which triggers the 
air blast motor. Dollars ahead he was 
when he saw this selective device would 
take signals from many sources, com- 
pile them, remember them, and when 
told to act (by the same standard input 
signals), leap into action. “So simple,” 
he said—“‘nothing but the standard in- 
puts we always use, switching reactor 
and outputs. If that’s static control, 
I’m the new president of the C.S.R* 
Booster Club.” You, too, ean beat the 
drum. Write for our catalog about 
Simple Statice Control. 

*CONTROL Switching Reactor 


PUSH, PULL, CLICK, CLICK (or how to feed a switching reactor) 


Persons who hear push-pull-click-click sounds in indus- 
trial plants are not to be suspected of an affinity for the 
razor business. They are listening to the music of push 
buttons, limit switches and relays, all feeding signals 
into CONTROL’S switching reactors (which are en- 
gaged in static control). Our reactor is selective. As 
you dictate, it responds to control voltages which add, 


which oppose, or which work in combination, regardless 
of source. What’s more, our reactor can be fed by a 
transducer whose output is electrical—even if it doesn’t 
say “push, pull’ or “click, click.” 

If you have an affinity for money-making musical 
sounds, perhaps you'd like to know more about these 
CONTROL switching reactors. Write us. 


CLICK, CLICK, PULL, PUSH (or how aswitching reactor feeds you) 


Here is the click-click-pull-push (output) side of the 
CONTROL switching reactor. Not only is it selective as 
to source and combinations of inputs, but it is a real bear 
for working such loads as solenoids, motor contactors 
and magnetic clutches. It shines, too, as a practical way 
of operating the new solid state thyratron from a var- 
iety of input sources. A reactor can control a single load 
up to 300-VA to a fare-thee-well. Loads are statically 


switched with nary a moving part. What’s more, there 
is no auxiliary hardware (transformers, relays or single 
purpose logic units) to clutter the minds and hearts of 
your control engineers and purchasing agents. 

Sizes? A complete range, including 15, 75, 150, and 
300 VA. There’s also one especially for the solid state 
thyratron. Why not write for more details about our 
CONTROL switching reactors. 


Reliability begins with CONTROL. 


A DIVISION OF MAGNETICS, INC. 
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DEPT. EM-62, BUTLER, PENNSYLVANIA 
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Association Activities 


(Continued from page 178) 


Lucy, Sylvania Electronic Systems; “UHF 
Ferrite Phase Shift Properties,” R.  T. 
Teragawa, W. D. Fitzgerald and M. Weiner, 
Chu Associates; “Dispersive Distributed 
Parameter Delay Lines Using Ferrite Ma- 
terials,” J. W. Brouillette and C. Well- 
mann, G. FE. Electronics Laboratory; 
“Reciprocal Ferrite Scanned Antenna 
Feed,” Dwight Caswell, Caswell Electron- 
ics Inc.; “A Versatile Miniature Switching 
Capsule,” W. J. Fontana, U.S. Army Sig- 
nal R & D Laboratory, and O. M. Hov- 
gaard, Bell Telephone Labs; “An Accurate, 
Stable Beam-Forming Matrix Utilizing 
Passive Components,” C, H. Field, San- 
ders Associates, 


Session 1[V—8:00 p.m. 
Extreme Environments 


“Fast Neutron Bombardment of Four- 
Region Semiconductor Devices,” M. M. 
Weiss, Bell Telephone Labs; “Unconven- 
tional Environments: Contemporary and 
Future Requirements for Electronic Com- 
ponents,” E. R. Pfaff and F. E. Graham, 
Admiral Corp.; “Transient Effects of Pulse 
Radiation on Electronic Parts,” L. Long 
and H. J. Degenhart, U.S. Army Signal 
R & D Laboratory; “Foil-Type Solid Elec- 
trolytic Capacitor for High Temperature 
Use,” Dr. Masatsugu Kobayashi, Nippon 
Electronic Co. Ltd., Japan; “Advance 
Component Design at Various Tempera- 
tures to 600 C,” L. F. Kilham and R. R. 
Ursch, Raytheon Mfg. Co.; “The Growth 
of Metal Whiskers on Electrical Com- 
ponents,” S. M. Arnold, Bell Telephone 
Labs. 


Thursday, May 7 


9:00 A.M. 


Space Electronics 


Session V 


“Guided Missile Component Reliability 
in the United Kingdom,” N. B. Griffin, 
Royal Radar Establishment; “Reliability 
of Plugs and Sockets in Rockets and 
Space Vehicles,” I, A. Davidson and R. T. 


Lovelock, Belling & Lee Ltd., Enfield, 
England; “Silicon Photovoltaic Cells for 
Space Vehicles,” Harry Nash, International 
Rectifier Corp.; “A Cadmium Sulfide Solar 
Energy Generator for Space Vehicles,” D. 
A. Hammon and F. A. Shirland, The Har- 
shaw Chemical Co.; “Frequency Control 
Devices for Space Applications,” G. M. R. 
Winkler, U.S. Army Signal R & D Lab- 
oratory; “A Piezoresistive Accelerometer,” 
L. E. Hollander, T. J. Diesel and T. A. 
Perls, Lockheed Aircraft Corp.; “Require- 
ments for Components for Satellite and 
Space Vehicles,” H. B. Valley, U.S. Army 
Ordnance Missile Command. | 


Session VI—2:00 p.m. 
Electronic Materials 
“Some Properties of Tantalum Related 
to Performance of Tantalum Solid Electro- 
lytic Capacitors,” C. C. Houtz and S. 
Karlik, Bell Telephone Labs; “A New 
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‘Square Loop’ Ferrite and Its Potential 
Fields of Application,” B. R. Budny, Allen- 
Bradley Co.; “High-Speed Ferrite Core 
for a Coincident Current* Memory,” M. H. 
Cook, E. H. Melan and E. C. Schuenzel, 
IBM Corp.; “New Inductor Ferrites,” H. 
Lessoff, W. Croft and J. McCusker, RCA, 
Needham, Mass.; “High Q Ferrites for 
Frequencies from 2 to 200 Mc/s,” Gerald 
G. Palmer, G. E. Electronics Laboratory ; 
“Electrical Characteristics of High-Den- 
sity, High-Purity Titanate Ceramics,” D. 
A. Lupfer, G. E. Electronics Laboratory ; 
“High Pressure—High Temperature Re- 
search and New Electronic Materials,” 
A. A. Giardini, U.S. Army Signal R & D 
Laboratory. 


Friday, May 8 
Session VII—9:00 a.m. 


Microminiaturization 


“A Miniaturized Ceramic Transformer 
I. F. Amplifier,’ C. M. Stearns, G. E. 
Electronics Laboratory; “Piezolectric Cer- 
amic J. F. Filters,” D. R. Curran and W. 
J. Gerber, Clevite Corp.; “Plated Com- 
ponent Connections for Micro-Miniature 
Circuits,” Ellis A. Guditz, Lincoln Lab- 
oratories, MIT; “Micro-Module Structural 
Design,” J. Knoll and H. S. Dordick, RCA, 
Camden; “Transistors and Diodes for 
Micro-Module Application,” L. Schork, 
RCA, Camden; “Micro-Miniature High 
Temperature Stacked Electronic Compo- 
nents,” Part I—“Stacked Circuit Building 
Blocks,” J. E. Beggs and W. Grattidge, 
G. E. Research Laboratory, and Part Il— 
“Weight-Volume Advantages in Systems 
Applications,” Philip J. Molenda, G. E. 
General Engineering Laboratory; “Dis- 
tributed Parameter Networks for Circuit 
Miniaturization,” Charles K. Hager, Varo 
Mfg. Co., Inc. 


Session VIII—2:00 p.m. 


Semiconductors 


“Junction Hall Generator Devices,” A. 
G. Milnes and E. V. Weber, Carnegie 
Institute of Tech.; “High-Gain Silicon 
Transistors,” H. W. Henkels and T. P. 
Nowalk, Westinghouse Electric Corp.; “A 
2000-Volt Silicon Rectifier Diode,” N. J. 
Herbert, Bell Telephone Labs.; “Heat Loss 
and Series Voltage Distribution in the 
Application of High-Voltage, High-Current 
Silicon Power Rectifiers,” G. Mahaffy, C. 
L. Wallace and F. W. Parrish, Interna- 
tional Rectifier Corp.; “A Review of Para- 
metric Diode Research,” G. C. Messenger, 
Phileo Corp.; “Fast Variable Junction Ca- 
pacitors,” C. J. Spector, Bell Telephone 
Labs; “A Novel Method of Fabricating 
Ceramic Stems,” A. J. Stoeckert, RCA, 
Harrison. 


ASA Sectional Committee 
Officers Named 


Dr. C. C. Chambers, vice president in 
charge of engineering affairs, Univer- 
sity of Pennsylvania, Philadelphia, has 
become chairman of the ASA sectional 
committee C6l—electric and magnetic 
magnitudes and units. Dr. Chambers 
represents the American . Association 
for the Advancement of Science on 


this committee, which is sponsored by 
the electrical standards board of ASA. 

K. N. Mathes, insulation systems en- 
gineer, general engineering laboratory, 
General Electric Co., Schenectady, has 
become vice chairman of ASA sectional 
committee C59—electrical insulating 
materials. He represents the AIEE on 
this committee which is sponsored by 
the ASTM. 

Sectional committees operating under 
the procedures of the American Stand- 
ards Association are responsible for 
the development and formulation of 
American Standards. 


AIEE Appliance Technical Conference 
Set for Cleveland, May 18-19 


Final program arrangements have been 
completed for the 10th Annual Appli- 
ance Technical Conference, sponsored 
by the Sub-Committee on Domestic Ap- 
pliances of the AIEE Domestic and 
Commercial Applications Committee, 
which is to be held at the Hotel Mana- 
ger, Cleveland, May 18-19. 

Two groups have been very active in 
sponsoring the 1959 Appliance Tech- 
nical Conference: the Cleveland section 
of AIEE and the Single-Phase and 
Fractional-Horsepower Motors Subcom- 
mittee of AIEE. 

The condensed program follows: 

May 18, 9:30 am.: “A Theory on 
Dynamic Surface Tension in Home 
Laundry Solutions,” Dr. Gale Cutler, 
Whirlpool Corp.; “Polycrystalline Cer- 
amics with Unique Physical, Thermal, 
and Electrical Characteristics,” G. W. 
McClellan, Corning Glass Works. 

May 18, 1:15 p.m.: “Current Studies 
of the Peltier Effect,” J. S. Shilliday, 
Battelle Memorial Institute; “Applying 
Computer Techniques to Appliances,” 
Richard Prucha, General Electric Co.; 
“Applying Lighting Techniques to Ap- 
pliances,” W. R. Stevens, General Elec- 
tric Co. 

May 19, 9:00 a.m.: “Electrical Con- 
trols for the Parameters of Combus- 
tion,” James Wright, White-Rodgers 
Co.; “An Automatic Meat Probe Con- 
trol,” C. J. Holtkamp, Westinghouse 
Electric Corp.; “An Automatic Oven 
Range Timer,” W. R. Buechler, Gen- 
eral Electric Co.; “Why Protected 
Motors Can Burn Out,” A. P. White, 
Spencer Thermostat Div., Metals & 
Controls Corp. 

May 19, 1:30 p.m.: “Motor Insula- 
tion Performance in the Home Laundry 
Equipment Environment,” Les Dogger, 
Whirlpool Corp., and Don Mohrman, 
General Electric Co.; “A Motor Design 
for a Specialized Application,” A. G. 
Ostrognai, General Electric Co.; “An 
Engineering Appraisal of Standards 
Program,” T. H. Cline, Newark Stove 
Co., and W. R. Milby, Detroit-Edison 
Co. 
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PUTTING MAGNETICS TO WORK 


How to keep your cut-off sharp! 


Audio filter designers use molybdenum permalloy powder cores 
when they want razor sharp attenuation that will hold 


Audio filter designers, faced with a crowded frequency spec- 
trum, specify molybdenum permalloy powder cores to rigidly 
define channel cut-offs . . . with sharp, permanent attenu- 
ation at channel cross-overs. 


Moly-permalloy, with virtually no resistive component, makes 
a core with almost no core loss. The resultant high Q means 
sharp attenuation of blocked frequencies in both the high 
and low band pass ranges. This is permanent—moly-permal- 
loy cores were developed specifically to provide a very long 
term inductance stability. 

Compare molybdenum permalloy to powdered iron. See the 
smaller size and the superior stability despite unusual fluc- 
tuations in current or temperature. Even unstabilized per- 
malloy powder cores are more stable with temperature swings 
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than cores made of any other material. And . . . stabilized 
cores are at least four times more inductance-stable than un- 


stabilized cores. 


What's more, there’s no longer any guesswork! We have 
published limits within which the designer can depend on 
core performance. These limits—and full information on 
our Performance-Guaranteed permalloy powder cores—await 
your inquiry. Magnetics, Inc., Dept. EM 61, Butler, Pa. 


MAGNETIES inc. 
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ELECTRONIC 
TEST 
UTA 


PHASE SHIFTER 


Models PS60 & PS400 


For measurement and 
comparison of phase 
angles of as a second- 
ary phase standard 


SPECIFICATIONS 
eae. (continuously variable) 


(Higher accuracies available) 
FREQUENCY..................60 CPS for PS 60 

400 CPS for PS 400 

(other frequencies available) 


FREQUENCY STANDARD 


A SELF-CONTAINED 
FORK STABILIZED 
FREQUENCY SOURCE 


* Accurate 
* Stable 
« Low Distortion 
¢ Variable output voltage 
« Compact 
Mode! 1400 
SPECIFICATIONS 


see AVailable to .005% 
.. Less Than 1% 
400 CPS or 1000 CPS 
(Other Freq. Avail.) 
Dimension 6x9x6 inches 
Power Supply 115 volts, 60 CPS 


OTHER MODELS AVAILABLE 


DESCRIPTION: Utilizes scaling cir- 
m1. cuits to provide tuning fork accu- 
TANDA racies at frequencies below the 

s RD range of precision tuning forks. 


AUTOMATIC HI-POT TESTER 


Model A FAST, ACCURATE, 
DIELECTRIC TESTING FOR 
MULTI-CONDUCTOR 
DEVICES 


DESCRIPTION: The function of 
this instrument is to apply in 
programmed sequence a known 
voltage between the various 
conductors under test for a 
specific period of time ard to 
indicate breakdowns when and 
where they occur. 


SPECIFICATIONS 
..0-2000 Volts RMS 


ACCURACY 
DISTORTION 
FREQUENCY 


TEST VOLTAGE 
TEST TIME 
NUMBER OF TEST TERMINALS 


NULL DETECTOR 


A sensitive battery operated null detector ideal for 
shering bridges or other applications where com- 
plete isolation from power lines is desirable. 


« Long Battery Life © High Harmonic Rejection « 
Shielded against external fields 
SENSITIVITY: 1 microvolt for 1% deflection 
Write for Catalogs 
Reps in Principal Cities 


TEST EQUIPMENT CO 
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Apr. 5-10—5th Nuclear Congress, 
Cleveland, Ohio. Sponsored by EJC, 
AIEE, ASME and others. 


Apr. 14-15—-Industrial Instrumen- 
tation and Control Conference, 
Armour Research Foundation, III. 
Inst. of Tech., Chicago (with IRE, 
PGIE). 


Apr. 14-15—AIEE 4th Biennial 
Conference on Electric Heating, 
Bellevue-Stratford Hotel, Philadel- 
phia, Pa. 


Apr. 20-21-—New Techniques in 
Electrical Industrial Instrumenta- 
tion, Philadelphia, Pa. Sponsored 


by PGIE of IRE, AIEE. 


Apr. 20-22--15th Annual Meeting 
and Powder Metallurgy Show, Metal 
Powder Industries Federation, Sher- 
aton-Cadillac Hotel, Detroit. 


Apr. 22-24—Institute of Environ- 
mental Engineers, LaSalle Hotel, 
Chicago, Tl. 


Apr. 28-30--13th Annual Power 
Sources Conference, sponsored by 
('.S. Army Signal Res. & Dev. Lab- 
oratory, Shelburne Hotel, Atlantic 
City, N. J. 


May 3-7—115th annual meeting, 
Electrochemical Society, Hotel Sher- 
aton Plaza, Philadelphia, Pa. 


May 4-5—Conference on Industrial 
Control Systems Components, Pur- 
due University, W. Lafayette, Ind. 


May 4-6—National Aeronautical 
Electronics Conference, Dayton- 
Biltmore Hotel, Dayton, Ohio. 


May 5-7 URSI (International Ra- 
dio Scientific Union) Spring Meet- 


ing, Washington, D. C. 


May 6-8 Electronic Components 
Conference, sponsored by ATEE, 
ETA, IRE and WCEMA, Ben Frank 
lin Hotel, Philadel phia. 


May 11-13—-AIEE, ASME, IRE 
Joint Conference 9 on Automatic 
Techniques, Pick Congress Hotel, 
Chicago, Hl 


May 18-19 AIEE Appliance Tech- 
nical Conference, Hotel Manger, 
Cleveland, Ohio. 


May 18-20-—Fifth Annual Sym- 


posium on Instrumental Methods of 


Calendar of Meetings 


Analysis, Analysis Instrumentation 
Division, Instrument Society of 
America, Shamrock-Hilton Hotel, 
Houston, Texas. 


May 18-20-—Electronics Div., 
American Ceramic Society, Palmer 
House, Chicago, Ill. 


May 22—-SPEC-RETEC Symposium 
on Encapsulation, Printed Circuits 
and Fluidized Bed Process, co-spon- 
sored by the Northern Indiana Sec- 
tion and the Professional Activities 
Group on Plastics in Electrical In- 
sulation, Van Orman Hotel, Fort 
Wayne, Ind. 


May 25-27-—National Telemetering 
Conference, “Investigation of 
Space,” sponsored by AIEE, Amer- 
Rocket Soc., Inst. of Aero. Sciences 
and Instrument Soc. of Amer., 
Brown Palace and Cosmopolitan 
Hotels, Denver, Colo. 


May 25-28—4th Design Engineer- 
ing Conference & Show, Convention 
Hall, Philadelphia, Pa. 


June 7-11-—Amer. Soc. of Heat- 
ing & Air-Conditioning Engineers, 
semi-annual meeting, Vancouver, 


B.C. 


June 7-12-—Electrical Contacts 
Seminar, Pennsylvania State Univer- 
sity, University Park, Pa. 


June 13-23—-UNESCO _Interna- 
tional Conference on Information 
Processing (sponsored by AIEEF, IRE 
and Assoc. of Computing Machin- 
ery), Paris, France. 


June 15-20—IRE Symposium on 
Electromagnetic Theory, University 
of Toronto, Ontario, Canada. 


June 16-18—IRE International 
Symposium on Circuit & Informa. 
tion Theory, Univ. of California, 
| Os Angeles 


June 21-26 Amer. Soc. for Test- 
ing Materials, annual meeting, 
Chalfonte-Haddon Hall Hotel, At- 
lantic City, N. J. 


June 22-24 Amer. Soc. of Re- 
frigerating Engineers, annual meet- 


ing, Lake Placid Club, N. Y. 


June 29-July 1—IRE 3rd National 
Convention on Military Electronics, 
Sheraton Park Hotel, Washington, 
oy. 
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Butyl’s high resistance to ozone is graphically demonstrated 
when compared with SBR or natural rubber 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


Sei , 
At = | 


Enjay Buty] rubber has demonstrated 
for many years its outstanding ability 
to resist deterioration caused by sun- 
light and weathering. This inherent 
resistance of Butyl to ultra-violet 
light, ozone, oxidation, moisture and 
mildew, has made possible many new 
and colorful products. Buty] has also 
increased the life of other products 
such as weatherstrips, protective 
coating, garden hose, wading pools 
and many automotive parts. 


Butyl also offers...outstanding re- 
sistance to chemicals, abrasion, tear 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron + Boston + Charlotte « Chicago +» Detroit « Los Angeles « New Orleans + Tulsa 
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and flexing...superior damping 
qualities ... unmatched electrical 
properties and impermeability to 
gases and moisture. 


For more information call or write 
the Enjay Company. 





Men in Industry 


Frank H. Day has been appointed 
radiological physicist and head of the 
nuclear standards department of The 
Victoreen Instrument Co., Cleveland, 
Ohio. A nationally known authority on 
radiation calibrations and radiation 
effects on materials, he was previously 
associated with the National Bureau of 
Standards. 


Norman F. Spooner has been named 
manager of research and development 
for Hoskins Manufacturing Co., Detroit, 
Mich. He will direct the company’s 
expanded research activities in the 
fields of electrical resistance, resistor, 
thermoelectric and high-temperature 
corrosion resistant alloys. 


D. E. Farmer and E. M. Gore have 
been appointed engineering section 
heads in charge of development of mul- 
tipurpose countermeasure systems and 
radar test equipment, respectively, in 
the Communication Div. of American 
Electronic Laboratories, Inc., Phila- 
delphia, Pa. 


THE TREND 


Se, 
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W. Crawford Dunlap has been named 
director of semiconductor research for 
the Research Div. of Raytheon Manu- 
facturing Co. He was previously super- 


visor of solid-state research at the 
Bendix Aviation research laboratory in 
Detroit and was a member of General 
Electric’s research laboratory at Sche- 
nectady, concentrating on semiconduc- 
tor and transistor study. His book, An 
Introduction to Semiconductors, was 
published in 1957. 


Grant E. St. John has joined the tech- 
nical staff of Watkins-Johnson Co., 
Palo Alto, Calif. He was formerly with 
Bell Telephone Laboratories working on 
low-noise traveling wave tubes. 


} 
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FEATURES 


191 NEWEL ST. 


KURMAN 
MINIATURE 
POWER RELAY 


¢ Clear polystyrene dust-proof enclosure 
e Up to3 PDT, 10 amp. contacts 

e AC or DC coil, up to 15,000 ohms 

¢ Life—100,000 operations minimum 

¢ Dimensions 13%” sq. x 2,” high 

¢ Octal or 11 pin plug-in 


STOCKED BY LEADING DISTRIBUTORS 
FROM COAST TO COAST 
For Immediate Delivery at Factory Prices 


KURMAN ELECTRIC CO. 


Division of Norbute Corp. 
Quality Relays Since 1928 


BROOKLYN 22, N. Y. 


Roy L. Anthony has been appointed 
director of research for Mid-Eastern 
Electronics, Inc., Springfield, N. J. 
Mr. Anthony is a vice president of the 
company and one of the founders. He 
was formerly engineering division chief 
of the Research Laboratories at Weston 
Electrical Instrument Corp. 


C. O. Lambert has been named vice 
president, engineering, at Jackson Elec- 
tronic and Manufacturing Co., Akron, 
Ohio. Prior to joining Jackson he was 
in charge of airborne radar and com- 
munications systems development at 
Goodyear Aircraft Corp. Other recent 
changes announced by the Jackson 
firm include assignment of Norman 
Morrison, vice president, to head up 
the research and development depart- 
ment, and the addition of G. E. King 
to the engineering staff as project en- 
gineer. 


Hans P. Barasch has been appointed 
research manager for photo-sensitive 
devices at Allen B. Du Mont Labora- 
tories, Inc., Clifton, N. J. Before his 
association with Du Mont in 1956, Mr. 
Barasch was a design engineer with the 
Guided Missiles Division, Republic 
Aviation Corp., Hicksville, N. Y., 
where he was engaged in infra-red de- 
velopments for missile guidance and 


ALL 
STANDARD 
VOLTAGES 


(6, 12, 24, 115, 
230; AC and DC) 


SHIPPED 
SAME DAY 
ORDER IS 
RECEIVED 


@ Export:135 Liberty St,N.Y. 


@® Cable: TRILRUSH 


eS 
@ SEND FOR CATALOG 


ped 
Fa 
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Features of the new 
TORRINGTON DRAWN CUP 
ROLLER BEARING 


a new low-cost precision roller bearing... 


THE TORRINGTON DRAWN CUP 
ROLLER BEARING 


For the first time, the advantages of drawn cup outer race construction are avail- 
able in a precision roller bearing. 

This compact, lightweight bearing consists of spherical end needle rollers, a 
One-piece hardened steel retainer and case-hardened thin-section outer race. De- 
signed to run on a hardened shaft or with an inner race, this new series takes a 
¢ shaft-riding retainer (B) designed press fit inva simple housing without snap-rings or shoulders. 

to permit lubricant circulation . ~ : stag et ; ‘ ; 

Highly efficient roller guidance and lubrication are outstanding features. The 

shaft-riding retainer contacts the roller ends at the pitch line where guidance can 

be obtained with the least effort. The design provides ample storage for lubricant 

and promotes its circulation. 

* efficient at high speeds These features make the new bearing particularly suited to applications requir- 

* mounted by press fit ing compactness with precision, high-speed endurance or long pregreased life. 

* simple housing design For information on sizes now available and for application assistance, call on 

our Engineering Department or write for the new bulletin, “Torrington Drawn 

Cup Roller Bearings.” THe TorRRINGTON COMPANY, Torrington, Conn. — and 

South Bend, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


e rollers end-guided at pitch line (A) 


¢ high capacity in small cross 
section (C) 


e long pregreased life 


e low unit cost 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + THRUST + BALL + NEEDLE ROLLERS 
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tracking systems. In 1953 and 1954, 
he was a senior engineer with General 
Electric Company, Syracuse, N. Y. 


Prof. William M. Surber of the Elec- 
trical Engineering Department of 
Princeton University has been appoint- 
ed a consultant of General Devices, 
Inc., Princeton, N. J. He is well known 

| for his work in the fields of microwave 
| measurements, nonlinear systems and 
| feedback control systems. 


Langdon C. Schaefer has joined the 
| Century Electric Co., St. Louis, Mo., 
as manager of engineering in charge of 
all product design and engineering 

development. He was formerly engi- 
| neering manager of the Westinghouse 
| small-motor division in Lima, Ohio. A 
| few years ago, Mr. Schaefer spent 
| several weeks in Europe on a technical 
mission to study European design and 





| . . 
| manufacturing practices. 


Norman R. Wild has been appointed 

| chief engineer for equipment design by 

— the time-tested standard of the resistor industry Sanders Associates, Inc. Until his re- 
cent appointment, Mr. Wild was manag- 


us er of the company’s microwave de- 
2 r . . . . . 
“ partment. Before joining Sanders in 

1951, he was head of the microwave 


department of the missile and radar 


RESISTANCE A LLOY division at Raytheon Mfg. Co. 


Thomas E. Woodruff, formerly head 


— for resistors and precision instruments of the electronics laboratory at Sand- 
ers, has been named chief engineer for 

Wherever exceptional stability over a wide tem- | preliminary design. He joined the 
perature range is essential, EVANOHM is the | company in 1954. 
nessates standard of pectemena. Sle —_- . 
reliability resistance alloy provides high specific ‘ : 
selina: low Selmeenpntae aeadliotenh tow ther- Milton Becker has been appointed 
mal EMF to copper. EVANOHM is especially | director of product engineering of Con- 
recommended for use in resistors, aircraft in- | tinental Device Corp., Los Angeles. He 
struments, for guided missiles, rockets and 
other precision equipment. Available in bare 
wire, enamel, formvar, polyurethane, silk, rs “ee : 
cotton, nylon and glass insulation. Write for | Semiconductor Division of Hughes Air- 
complete electrical and mechanical data and | craft Co., where during the past seven 
recommendations on your specific application. | years he was responsible for the devel 


formerly headed the product and sus- 
taining development activity for the 


P opment of processes for manufacturing 
tents 2,293 ,878-—2,638,425 —Tr ne Register : — : 
ae Tradename Registered new diode families. Previously he was 


with the Naval Research Laboratories. 
WILBUR B. DRIVER CO. EZ | 
Main Office: NEWARK, N. J. — Tel. HUmboldt 2-5550 Phillip L. Alger, just retired from 
. din oie ‘i ‘ tiie eat General Electric Co., is now an adjunct 
ranc ices an arehouses in Principal Cities. Manufacturing Plants: cCarter H'way, ll a > nalinen en 
Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. in Canada: Canadian Wilbur B. Driver profe ssor at Rensse laer Polytechnic 
Co., Ltd., Toronto. Subsidiary: Western Gold and Platinum Co., 525 Harbor Bivd., Belmont, Calif. | Institute. In 1930, eleven years after 
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NEW 


HIPAC 


PRECISION 


HINGED RIGID LEVER 
type S2A6D1 


SWITCHES 


Series S2A 


LONG HINGED ROLLER 
- type S2A6E1 


take on high current 


in control and indicating 


circuits 


Hetherington’s new HiPAC Precision Switches 
represent the latest refinements of the switch- 
makers’ art. Compact and precision made in every 
detail, these small high-current switches provide 
carefully controlled force and movement charac- 
teristics for unsurpassed repeatability in critical 
applications. One-piece blade actuators of selected 
beryllium copper operate against solid silver con- 
tacts to give long, stable mechanical and electrical 
life with uniformly low contact resistance. 
Here’s a capsule run-down on the new Series 
S2A Switches: rated at 20 amps., 125/250 volts 
ac, 1 and 2 horsepower ac; U.L. Inspected; SP-DT 


circuit; unusually rigid ammonia-free phenolic 
case; interchangeable with other precision 
switches of equivalent ratings; built-in safety limit 
to prevent over-travel damage to blade; molded-in 
barriers to provide long creepage paths and posi- 
tive separation between terminals and leads. 

HiPAC Precision Switches are available with 
any of eight actuators. Prompt delivery of samples 
may be obtained from over 50 leading electronic 
parts distributors— use part numbers shown 
above to order. For complete specifications, write 
for Hetherington Bulletin S-9. 


HETHERINGTON INC. PRR or amceice sussioiany 
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Everything needed for top-quality, 
custom-appearance enclosures is made 
by AMCO...and shown in this new catalog! 


The multi-width panels, cowlings and writing 
surfaces, unique with Amco, retain custom 
quality appearance of single unit construc- 
tion. Amco’s electronics know-how and 
wide experience in the manufacture of equip- 
ment enclosure and relative mounting and 
cooling accessories assure your complete 
satisfaction in the appearance, strength and 
durability of every unit. Amco cabinets and 
accommodate 


enclosures are designed to 


the most complex systems and provide com- 
plete service accessibility and operator con- 


venience. 


All Amco frames are direct floor-bearing. 


A complete selection of basic frames can be 
arranged in endless variety, all chassis and 
equipment is mounted directly off of frame 
members for maximum support. Blowers, 
chassis slides, heavy-duty dollies and many 
other parts and accessories, all made by Amco, 
are supplied under a combined discount rate 


with other components —a big savings. 


These are a few of the reasons more and 
more engineers depend on Amco for all 
enclosure needs. They find real convenience, 
quality and economy by doing it. If you 
don’t have your copy of the new catalog 


yet, send for it now. 


E.1.A. mounting standards, Realistic 3 week delivery 


’ 


| dAmco 


( anoineerine co. 


1°8 


AMCO ENGINEERING Co. 


7335 W. AINSLIE STREET @ CHICAGO 31, ILLINOIS 
Factory-trained representatives in all principal U. S. cities and Canada 
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joining General Electric Co., he was 
made staff assistant to the vice-pres- 
ident of engineering, and remained in 
that capacity for 20 years. He then 
to the medium a-c motor and 
department as _ consulting 
engineer. He is a past director, life 
member and fellow of the AIEE. He 
is a member of the ASA, serving on the 
C 50 committee which sets standards 
for rotating machines. 


moved 
generator 


Isadore K. Dortort, chief engineer of 
the Transformer and Rectifier Division, 
I-T-E Circuit Breaker Co., was present- 
ed certificates of award during the 
AIEE winter general session in New 
York. He was honored for two techni- 
cal papers: “Superposition Applied to 
Mechanical Rectifiers” and “Current 
Limiting Reactors for Semiconductor 
Rectifiers” which won second places in 
the Industry Division and Science and 
Electronics Division, respectively. Be- 
fore joining I-T-E in 1950, Mr. Dortort 
served as a rectifier engineer for Allis 
Chalmers Manufacturing Co. for 15 
years. 


John C. Riedel has been appointed 
senior project engineer—electronics for 
Endevco Corp., Pasadena, Calif. Previ- 
ously, Mr. Riedel was test engineer 
with Consolidated Electrodynamics and 
supervising engineer of Electronics 
Group with Northam Electronics. 

Donald E. Lovelace is another 
appointment. Named 

transducers, he is 
engineering develop- 
ment concerning the mechanical as- 
pects of the company’s products. Mr. 
previously supervisor 


En- 
devco senior 
project 
responsible for 


engineer 


Lovelace 
engineer in the transducers division of 
Consolidated Electrodynamics and had 
been aerial designer for Bill-Jack Sci- 
and 
missile at 


was 


Corp. design 


Terrier 


entific Instrument 
engineer for the 
Convair, San Diego. 


Walter W. Mieher has 
pointed engineering manager of Sperry 
Gyroscope Co. at Great Neck, N. Y., 
be in charge of _ re- 


been ap- 


where he will 
search and engineering activities. Until 
his recent promotion, he had been serv- 
ing as chief engineer of Sperry’s air 
armament division. He joined the com- 
pany in 1940 and held a 
research posts until 1949 when he was 


variety of 


named department head for armament 
radar From 1955-57 he 
served as chief engineer of the special 


engineering. 
missile systems division. 


Edward Hoffart has been appointed 
an executive staff engineer for Hoffman 
Laboratories Div., Hoffman Electronics 
Corp., Los Angeles. He was previously 
chief engineer, Topp Industries, Inc.., 
and earlier was associated with Fair- 
child Controls Corp. and Servomecha- 
nisms, Inc. 
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Take a cost-wise look at your assembly operations, 


it is money saved—not lost— 


count on 


MORE TYPES OF FASTENERS Continental Assembly Special- 
ists are unbiased toward any particular types . . . Continental 
makes all types. The fastener they recommend for your job 
is the one proved best by careful cost analysis. 

MORE STANDARDS IN STOCK Continental can supply any 
recognized standard type, style or size. Also, many fasteners 
ordinarily considered “specials” are available among the 
millions of screws constantly in stock to meet needs of Con- 
tinental customers. 

MORE “SPECIAL” EXPERIENCE Continental is known 
throughout industry as the “specialist in specials,” — leads in 
production of special designs. Continental is also your supply 


CONTINENTAL 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS 


HY-PRO TOOL COMPANY ... DIVISION 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 
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source for special-purpose fasteners, such as HOLTITE 
NYLOK Self-locking Screws. 


MORE ‘SPECIAL’ PRODUCTION FACILITIES With Conti- 
nental’s modern, precision controlled equipment, many special 
shaped screws formerly machined from bar stock can be pro- 
duced faster, at lower cost — with higher tensile strength and 
excellent surface quality. 


Let Continental Assembly Specialists analyze your operations 
and help you find cost-saving opportunities that are often 
overlooked. You'll see why fastener users everywhere agree, 
“You can count on Continental.” Write or phone: Continental 
Screw Co., 455 Mt. Pleasant St., New Bedford, Massachusetts. 


ay 


; i HOLTITE PHILLIPS 
Pa 


AND SLOTTED HEAD 

WOOD * MACHINE * TAPPING 
THREAD FORMING * 

SEMS * NYLOK 

HY-PRO PHILLIPS 

INSERT BITS AND HOLDERS 
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Company Briefs 


To be known as the Lockheed Elec- 
tronics and Avionics Division, a new 
organization set up by Lockheed Air- 
craft Corp. will broaden the company’s 
electronics activities through design, 
development, and adaptations of electro- 
mechanical devices and advanced 
instrumentation. It will launch Lock- 
heed into quantity production and 
marketing of such products. Heading 
the new division as general manager 
will be Dr. Louis N. Ridenour, 
formerly assistant general manager and 
chief scientist of Lockheed’s Missiles 
and Space Division. The electronics 
division will have temporary head- 
quarters in Lockheed’s branch plant 
at 6201 E. Randolph St., Maywood, 
Calif. 


Hoke Inc. has moved to a new plant 
in Cresskill, N. J., and announces the 
addition of miniature solenoid valves 
and pressure-regulating valves to their 
line of fluid control equipment. 


A new Specialty Blower Division has 
been formed by The Torrington Manu- 


facturing Company, Torrington, Conn., 
specifically for the design and manu- 
facture of high-quality blowers for 
electronic cooling and other airborne 
and ground applications. While Tor- 
rington’s Air Impeller Division has 
stressed the development of new im- 
peller types for many years, expanding 
demand and the relatively large pro- 
portion of engineering involved in their 
design has resulted in the organization 
of a separate operating division. C. A. 
Hathaway, director of engineering, will 
be in charge of the divi-‘on. 


Litton Industries has bought the 
Times Facsimile Corp., a subsidiary of 
the New York Times Co. W. Preston 
Corderman, a vice president of Litton, 
becomes president of the Times Fac- 
simile Division. In addition to facsimile 
equipment, the company has developed 
currently marketing sonar 
recorders, chronometers, telemetering 
equipment, and special instruments 
utilizing high-precision timing systems. 


and is 


Formation of a new Controls Division 
of Inso Electronic Products, Inc., has 
been announced by Adam Consolidated 
Industries, Inc., of which Inso is a 
wholly-owned subsidiary. The new 
division will develop and manufacture 
industrial electronic controls for com- 
mercial and military applications, with 


emphasis on high-temperature controls 
in the 200 C range. 


Burndy Corp. of Norwalk, Conn., has 
contracted to acquire H. H. Buggie, Inc., 
of Toledo, Ohio. Buggie manufactures 
a line of miniature disconnects, printed- 
circuit connectors, rack-and-panel con- 
nectors, co-axial and tri-axial connectors 
and radar-pulse cable assemblies. 


North Electric Co. has purchased 
from the Radio Corporation of America 
all designs, manufacturing equipment, 
machinery and tooling used in the 
manufacture of the latter’s line of 
relays, which includes 2, 4 and 6-pole 
hermetically sealed subminiature relays 
and design data for microminiature 
types not heretofore produced by RCA 
or North Electric. 


H. W. Tuttle & Company announces 
the movement of the company from 
Adrian, Mich. to Tecumseh, Mich. 


Globe Industries, Inc., Dayton, Ohio 
has purchased from General Electric 
Company the engineering drawings, 
dies, fixtures, patterns and inventory of 
parts formerly used by G. E. at Fort 
Wayne to manufacture certain wound 
field and permanent-magnet motors 
with the following model designations: 
5BBY9, 5BBY13, 5BN14, 5PD14, 5PG- 
18 and 5BBY10. The transaction was 


Automatic simultaneous winding 
of 2 or 3 group concentric coil with 


FORT WAYNE 


STATOR WINDER 


*LOWEST MACHINE INVESTMENT PER UNIT PRODUCED 
@ Winding speed at 325 turns per minute. 


Preparation time % minute .. . 


and remove. 


only 4 forms to place 


One operator can readily tend 2 or more machines. 


Completely automatic during winding cycle. 


Winds greater range of stator lengths. 


*Production example—4-pole stator with 3-group concentric coil 
per pole at 125 turns per coil produces 88 stators per hour. 


WRITE FOR COMPLETE DATA OR ARRANGE 
TO VISIT OUR PLANT FOR DEMONSTRATION 


FORT WAYNE TOOL, DIE & ENGINEERING CO. 


1027 Goshen Road 
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Westinghouse {e-Li2e/H/ 
d-c motors 


Greater protection ...maximum 
reliability... longer, trouble-free life 


HERE’S WHY: The rugged new Westinghouse Life-Line’ ‘‘H” d-c motor 
gives you the most complete and advanced protection available in dripproof 
industrial d-c machines. Elimination of uncovered side openings . . . use of heavy, 
cast end brackets . . . effective seals throughout . . . all combine to provide out- 
standing resistance to liquids, vapors and dirt. For these reasons you can count 
on the Life-Line ‘‘H”’ to give you greater reliability with a minimum amount 
of maintenance under all operating conditions. 


Plus... these other important advantages 


you CAN BE SURE...1F 17S Westinghouse 


These exclusive features of the new 


Westinghouse 


Ah Mf d-c motor guarantee 


top performance... longer, trouble-free life 


TEN TIMES LONGER INSULATION LIFE 

New silicone insulation in Westinghouse Life-Line” ‘‘H”’ d-c 
motors and generators stands up under temperatures which 
turn ordinary insulation to a cinder. High-temperature sili- 
cone insulation is used with the full complement of iron and 
copper required for low Class B temperature. Result: Life- 
Line “H” shrugs off emergency overloads and abnormal 
ambients to keep production rolling, maintenance down. 


‘ 


H 


FASTEST RESPONSE .... 35 per cent increase in com- 
mutating ability . . . up to 55 per cent lower mechanical 
inertia . . . and up to 30 per cent reduction in electrical 
inertia mean that the new Westinghouse Life-Line ‘‘H”’ d-c 
motor provides the fastest acceleration, quickest reversing 
and closest speed regulation. This means more production, 
better product quality, minimum complexity of control. 


For information about the ways you can profitably 
put the new Life-Line ““H”’ motor to work, contact 


your nearby Westinghouse representative. Or, write 


CLEANER, COOLER OPERATION results from 
new controlled ventilation system of Life-Line ‘‘H.’’ Ordi- 
nary d-c motors draw air in at commutator end, contaminate 
windings by drawing carbon dust from commutator brush 
wear into the machine. Life-Line ‘‘H’’ reverses this flow. 
Air and carbon dust are expelled at commutator end .. . 
assuring cleaner, cooler windings . . . longer motor life . . . 
less maintenance. 


SIMPLIFIED MAINTENANCE . With the new 
Life-Line ‘‘H,’’ maintenance is not only substantially reduced 
but periodic inspections are also greatly simplified. For 
example: as shown above, Uniforce brushholder fingers 
lock out . . . brushes can be inspected or changed with one 
hand. And Uniforce tension remains constant throughout 
brush life . . . no need to adjust pressure as brushes wear. 


Westinghouse Electric Corporation, P. O. Box 868, 
3 Gateway Center, Pittsburgh 30, Pa. 
you CAN BE SURE...1F 7s Westi nghouse 
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limited to G. E. frame sizes 9, 10, 13, 
14 and 18, ranging in basic diameters 
from 14% to 2% in. 


Directors of Raytheon Manufacturing 
Co. of Waltham, Mass., and Machlett 
Laboratories, Inc., of Springdale, Conn., 
have approved an agreement providing 
for the merger of the two companies, 
subject to the approval of the stock- 
holders of both companies. Under the 
agreement, Machlett, producer ox X-ray 
tubes and _ high-power, high-voltage 
electron tubes for industrial, military 
and other uses, would continue to 
operate under the Machlett name and 
present management, but as a division- 
al unit of Raytheon. 


Assets of Inter Mountain Instruments, 
Inc., of Albuquerque, N. M. have been 
acquired by Curtiss-Wright Corp. The 
organization will be known as the Inter 
Mountain Instruments Branch of Elec- 
tronics Division. The new branch will 
continue to produce its own line of 
equipment, including electromechanical 
transducers, transistor test equipment, 
data gathering and processing systems 
and vibration analysis systems. John F. 
Quirk will manage the new branch and 
Thomas E. Lommasson will be man- 
uger of engineering. 


A Weapon Systems Division has 
been established by Aeronca Manufac- 
turing Corp., Middletown, Ohio. The 
new division is headed by Clarence G. 
Felix, vice president and weapon 
systems manager. He was most recently 
vice president and general manager 
of the Crosley Government Products 
Division of Avco. 


A new ssilicon rectifier plant was 
recently put into operation by Syatron 
Co., Homer City, Pa. With temperature, 
humidity and atmospheric pollution 
held within rigid limits by an elabor- 
ate system of electronic controls, the 
new plant will initially produce a 
series of diodes rated from 4 to 25 
amp with peak inverse ratings from 50 
up to 500 volts. All syntron silicon 
rectifiers will be hermetically sealed 
by a specially developed welding pro- 


cess, 


Eastern Precision Resistor Corp., Brook- 
lyn, N. Y., is now operating for Elec- 
tronic Circuits Corp. the delay line and 
pulse transformer business acquired 
from Epsco, Inc., Boston, and Digi- 
tronics Corp., Westbury, N. Y., in line 
with the company’s planned diversifi- 
cation program. 

Eastern also announces that it has 
acquired the assets of the Electronic 
Plastics Corp. and the E.P.M. Corp., 
producers of encapsulating compounds 
and plastic machined parts, respec- 
tively. The latter firms are being opera 
ted as separate divisions. 
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Send jor Vour jree copy oj our neu 


REQUIRED 
PRECISION... 


and got it from 
CONSOLIDATED 


This 12” x 15” phenolic “Memory Frame” for IBM 
was plunger molded in one piece with 440 wire ter- 
minal inserts. Later, strung with copper wire con 
taining a series of 8,000 ferrite magnetic cores, these 
frames are stacked one atop the other and wired 
together in conjunction with other components to 
give IBM’s 705 Data Processing System a “memory” 
capacity of 40,000 characters. 

Dimensionally stable frames that would withstand 
dip soldering at extra high temperatures were a 
necessity. They could not bow or crack, nor could 
there be more than minimum after-shrinkage or ex- 
pansion once assembly was completed. 


For more than 80 years 
we have been filling exact- 
ing plastics orders for the 
nation’s blue chip com- 
panies. Before you discard 
any design you feel can’t 
be molded in a plastic, call 
Consolidated. 


ONSOLIDATED 


“Your Blueprint 
in Plastics” 
Since 1874 


346 Cherry St., Scranton 2, Penna. 





look at these advantages of 


IRIDITE ) Finisues 


for 
CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USE—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel. 


OUTSTANDING PERFORMANCE—Forms a film that is an 
integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 
bond lasts. Even protects areas scratched in use. 


LOWEST COST—You have only minimum equipment 
cost, no special racks, high speed operation, lower 
overall handling costs. 

CHOICE OF APPEARANCE—Clear coatings that retain 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 


IRIDITE #14 and # 14-2 (Al-Coat) for ALUMINUM 

Two specially formulated finishes that give you maxi- 
mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 
flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 
Either coating provides corrosion resistance superior 
even to complicated electrolytic treatments in a frac- 
tion of the time. These coatings also offer many other 
valuable characteristics: they have low electrical re- 
sistance, they aid in arc-welding, provide a good base 
for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 
ances ranging from clear through yellow iridescence to 
full brown can be obtained. By dyeing, you can pro- 
duce red, green, blue, orange or yellow finishes. 


IRIDITE + 15 for MAGNESIUM 
Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature. The appearance 
of the coating can be varied from light brown to dark 
brown and black. 


APPROVED UNDER GOVERNMENT AND 
INDUSTRIAL SPECIFICATIONS 


SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most complete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under “Plating Supplies” in your classified 
phone book. 


Allied Research Products, Inc. 


. 4004-06 EAST MONUMENT STREET 
> BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC''™:, ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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Book Reviews 


Electromechanical Energy Con- 
version. By David C. White and 
Herbert H. Woodson. John Wiley 
and Sons, Inc. New York, N. Y. 646 
pages, price $12.50. 


This book was written as a part of the 
“core curriculum” program in electri- 
cal engineering at the Massachusetts 
Institute of Technology. Starting with 
the fundamentals of analytical dyna- 
mics, it establishes a sound base for 
understanding the interactions in an 
electromechanical system. 

It deals with the three major prob- 
lems encountered in the characteriza- 
tion of electromechanical systems by 
lumped parameters: (1) a physical de- 
scription of the system, (2) derivation 
of the differential equations of motion 
for the system, and (3) solution of 
the equations subject to the specified 
operating conditions of interest. The 
treatment of the latter starts with the 
straightforward classical solutions of 
linear differential equations with con- 
stant coefficients and ends with the use 
of analog computers to solve nonlinear 
equations. The use of Laplace trans- 
formations is discussed. 

The dynamics of rotating machinery 
are treated by the use of one physical 
model with one set of equations to de- 
scribe conventional machines and the 
steady-state and dynamic characteristics 
of many unconventional machines. 


Electrical Measurement Analy- 
sis. By Ernest Frank. McGraw-Hill 
Book Company, Inc., New York, 
1959. 443 pages, $8.75. 


The engineer is inevitably confronted 
with measurements, whether he uses 
them merely as tools to obtain informa- 
tion or becomes involved in funda- 
mental studies of measurement theory. 

This book is unusual in that primary 
emphasis is on basic methods, concepts 
and analytical techniques. The ideas of 
measurement errors and their statistical 
treatment are given special attention. 
The material appears to have been 
selected carefully to illustrate basic 
measurement concepts. Certain treat- 
ments found in most books, such as 
systems of units, electrical standards, 
and descriptions of commercial equip- 
ment, are not present in this text. 
Methods of measurement are classified 
into two major categories: null and 
deflection methods. Illustrations in each 
of these categories are developed in 
mathematical detail. 
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C/R Shalt Type Oil Seal 


> 


C/R Standard End Face Seal 


C/R Sirvene Diaphragm 


C/R Sirvis Molded Cup 


® 


C/R Rawhide Beveled Gear 


Here’s an expert at work, saving you money at fications that may save substantial production 
the right time — during design. Like all C/R costs. Again, he will advise against specifications 
sales engineers, he’s an experienced, well-trained or seal types which he knows from experience will 
representative whose knowledge springs from a lead to service problems and user dissatisfaction. 
solid engineering background. His ability to sit His personal ‘“‘value analysis” of your fluid sealing 
down with you during the design phase will help problems, backed by the quality of these Chicago 
develop the most efficient and economical solu- Rawhide products, can save you money. Welcome 
tions to your problems. him when he calls to see you. 


For example, he will often suggest design modi- 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1279 ELSTON AVENUE * CHICAGO 23, ILLINOIS be H Vf CA eC oO 


Offices in 55 principal cities. See your telephone book. 


In Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd., Brantford, Ontario 
Export Sales: Geon International Corp., Great Neck, New York R AW 2 I D > 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of Evecrricar 
MaANuracturinG, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ExecrricaL MANurac- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


Load Factors in Selection of Eddy- 
Current Drives, Apri] 1959, 7 
pages. The various forms of eddy- 
current couplings and brakes have 
particular characteristics. These, to- 
gether with the nature of the me 
chanical load, must be considered 
in selecting drive components and 
electrical controls for a drive. Load 
and drive factors are discussed to 
illustrate drive selection. (727) 


High-Temperature Characteristics of 
Thermosetting Laminates, April 
1959, 6 pages. Representative 
grades of NEMA plastics laminates 
(including the phenolic, polyester, 
silicone and epoxy-resin types) have 
been evaluated at the Johns Hop- 
kins University for electrical and 
mechanical properties at tempera- 
tures through 250 C. The results of 
this evaluation are summarized in 
this report, including tabular and 
chart data. (706) 


Editorial Index to Electrical Manu- 
facturing for 1958, 28 pages. This 
yearly subject-classified index is 
completely annotated. Includes an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Sub- 
ject Classification and Alphabetical 
Subject Cross Index. (734) 


Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject-clas- 
sified index to all the feature arti- 
cles, this booket provides an author 
index and also reproduces the 
ELECTRICAL MANUFACTURING Func- 
tional Subject Classification and the 
Alphabetical Subject Cross Index. 

(737) 


page 17. Readers should circle those 
numbers indicating the reprints desired. 

{f multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of 
Single Subject Reprints 

No. of Number of pages 
Reprints 4-12 16-32 
l Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 
25 7.50 12.50 


Progress in Micro-Module Develop- 
ment, March 1959, 8 pages. An 
ELECTRICAL MANUFACTURING Staff 
Report describing significant ac- 
complishments in the Signal Corps 
Micro-Module Program. Details of 
micro-element development are 
given and preliminary modules 
and modular assemblies are illus- 
trated. (736) 


Electromagnet Copper-to-Iron Ratio 
for Optimal Design, March 1959, 
4 pages. The design of an electro- 
magnet by analysis instead of by 
successive approximation permits 
determining the best ratio of cop- 
per to iron, Details of the method 
are illustrated using a continucus- 
duty d-c tractive magnet as an 
example. (720) 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magne- 
tism and Magnetic Materials for: 
computer elements, microwave 
components, permanent magnets, 
soft magnetic alloys and new mag- 


netic devices. (702) 


Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A descrip 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
electrical analog computers. (704) 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 


control problems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per- 
mitting flexible supervision by an 
operator. (733) 


Research Progress in Dielectrics — 


1958, January 1959, 10 pages. Re- 
view and interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature insulation 
systems, radiation effects, and re- 
lation of molecular structure to 
properties. (729) 


Designing Optimum Inductors with 


Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps 
permit up to 78 per cent volume 
reduction of iron-cored inductors 
carrying asymmetrical currents. An- 
alysis and synthesis procedures for 
iron (Audio A) or ceramic (Fer- 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 


case. (701) 


Techniques of Cooling Electronic 


Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
of heat removal in electronic equip- 
ment. Part I covers cooling theory 
and methods and techniques of 
temperature measurements. Types 
of cooling are discussed. Part II 
relates theory to heat removal in 
specific electronic parts and equip- 
ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection, 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
coolants. Tabular data and graphs 
are included. (71.2) 


Perforated Storage Media, December 


1958, 9 pages. Survey of primary 
punched tape and card systems: 
early development, current media 
formats and dimensions, compati- 
bility problems, standardization 
progress, sources of perforated 
record equipment. A basic refer- 
ence for engineers designing or in- 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Designing with Stainless Steel, De- 


cember 1958, 8 pages. Presented 
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Protect equipment 
oe - reduce 


. 
maintenance 
SIMPLE, 


RODY TYPES 


eek Raa A 3 


DESIGN 


VARIETY OF 


SEALING GRIPS 
or flexible cords « cables 


e Keep out water and dirt 

e Prevent wire terminal strains 

e Reduce insulation wear 

e Provide high mechanical strength 


e “Dress up” deluxe mechanisms 


Equipment, instruments and applic.nces will look 
better, last longer, need less cara when Pyle- 


Ps is . 3 ‘ h g 
nui in sheet oe National sealing grips are used. High lustre 


metal cabinet 


and machined finish for excellent appearance. 


Tapered conduit threads form a tight joint... 

tapered rubber grommets provide a tight seal- 

ing grip on outer jacket of cable. Oil resistant 

rubber assures a long life. Sizes 34-inch to 3-inch 
wT eo conduit, and 1/-inch to 234-inch cable. 


in power distribution 
duct 


Illustrations at left show just a few of many uses. 
If you have cord or cable troubles, sealing 


| ( ] grips can solve them. 


A all Write today for Bulletin No. 1236 


i) 


te TLS SOLD NATIONALLY THROUGH AUTHORIZED DISTRIBUTORS 


Gua TIaePYLE-NATIONAL COMPANY 


WHERE PUALITY IS TRADITIONAL satel 
1388 North§Kostner Avenue, Chicago 51, Illinois 


Branch Offices and Agents in Principal Cities of the United tes © EXPORT DEPARTMENT: International Railway 
Supply Co., 30 Church St., New fork e CANADIAN AGENT: The Holden Co., Ltd., Montreal, Toronto, Winnipeg, Vancouver 


LTT AILIRMCOMACETELSe © TURBO-GENERATORS * FQDODLIGHTS » PLUGS & RECEPTACLES » MULTI-VENT AIR-DISTRIBUTION 
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Specially designed with the 
APPLICATION in mind! 


TYPICAL EQUIPMENT 
POWERED BEST BY 
BALDOR MOTORS 


Blowers 
: 
Fans 
* 
Ventilators 
* 
Agriculture dryers, 
cleaners, separators 
* 
Conveyors 


. 
Woodworking 
machinery 
+ 
Abrasive saws 
(masonry & steel) 
* 
Pumps 
* 
Compressors 
: 
Machine tools 


BALDOR motors 


No guesswork here! Now you can stop 
fitting the machine to the motor. 


Famous Baldor Streamcooled Motors 
featuring TEFC construction, are engi- 
neered and designed to fit specific ap- 
plications— your guarantee of getting the 
one right motor that will deliver the 
power and performance to make your 
equipment operate at top efficiency. 


There’s a highly trained and experienced 
Baldor representative near you who will 
be happy to show you how this “‘tailored- 
to-the-job” type of engineering can help 
cut costs and improve the performance 
of your equipment. Contact him direct 
or write to... 


ELECTRIC 


COMPAN Y 


are the properties of stainless steel] 
important in equipment design. Ap- 
plications of stainless steel, with 
case histories, are illustrated. Ex- 
amples include appliances, instru- 
ments, computers and other elec- 
tronic products. A stainless steel 
selector chart is included. (709) 


Volt-Ampere Graphical Analysis, De- 


cember 1958, 5 pages. A descrip- 
tion of the use of the volt-ampere 
characteristic of a device combined 
with an electrical interrogation of 
the device and its lead to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important tool 
for every design engineer. (740) 


Electronic Materials and Components 


for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


Effects of Temperature on Magnetic 


Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 
—60 to -++-250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 


vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and illustrated. (735) 


Titanium—Its Properties and Design 


Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 


fabrication data supported by charts 
and graphs. (711) 


4353 Duncan Avenue ° St. Lovis 10, Missouri 
Over 500 Authorized Sales & Service Distributors in U.S. A. 
District Offices: Atlanta « Chicago « Cleveland « Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn. 
Los Angeles « Milwaukee « Minneapolis « New York « Kansas City, Mo. 


Oakland « Philadelphia « Portland, Ore. « Syracuse 


The Space Environment—A Prelimin- 
ary Study, October 1958, 16 pages. 
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We make 

SO Many sizes... 

your “specials” 

could be our “standards” 


Angular 
Contact Bearing 


Te ater me ale a lala | 


We regularly produce all of the 
bearings shown here in a 
tremendous variety of bores, 
outside diameters, and widths. 

‘Take just the Tyson tapered roller 
bearing, for example. We make 
nearly 1,000 sizes of the single-row, 
straight bore type alone! Bore 
sizes range from five-eighths of an inch 
right up to a precise fourteen 
inches. And these figures don’t 
include the many other sizes 
available in our double- and 
four-row types. 

Yet they are all standard S&F Cylindrical 
bearings, promptly available Roller Bearing 
in large quantities at 
competitive prices. ™ 

So, why not get full details (CG 
on the most complete line in the , 
business? Any of our twenty-five 
sales offices can quote you facts and 
figures. Just call the one near you. 


"' q Single-Row 
as Deep Groove Bearing 


592) 


EVERY TYPE-EVERY USE 


okKF. 


SKF INDUSTRIES. INC. PHILADELPHIA 32. PA 


"REG U.S. PAT. OFF 
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at Analysis of natural environments 
ENGINEERS: in space (above 75,000 ft) as they 


You can develop NEW PRODUCTS affect future equipment design. 
for your company to make oe values are presented 
and sell using Durakool’s - — ae Compeean, a, 
ine titers sure, solar radiation, ozone, dis- 
S , : sociated gases, aurorae, ionized 
mercury tilt-switches gases, solid particles, and the 
Basic uninsulated switches now earth’s magnetic Seld. vay 
available to designers and manu- Treating Transfer Functions on Ana- 
facturers of wiring harness assem- | log Computers, October 1958, 8 
blies. pages. A description with examples 
Prices from 82 cents each. of a method of applying the trans- 
ms fer function of a system to an ana- 
Capacities: 1 to 65 amperes: 6 to log computer to determine the sys- 
460 volts. tem output. Applicable to systems 
ideal for OC leads. initially at rest or those with input 
- Pe conditions, the method takes advan- 
Sizes from 566 to 975 in di- tage of the symmetry of a transfer 
ameter; .600” to 3.44” in length. function expressed in terms of the 
Write for bulletin D-49 and price sheet 1053 Laplace operator in converting it 
to a mechanical schematic for the 

computer. (728) 


y) HT § re | k 1) 0 Silicon Power Rectifiers—A Survey, 
September 1958, 12 pages. A com- 

ALL STEEL MERCURY SWITCHES prehensive presentation of what is 
available today in the field of silicon 

ower (1 amp and over) rectifiers 

DURAKOOL, INC. od notes cameiee their use in a 
ELKHART, INDIANA wide variety of applications. A ma- 


1969 AVENUE RD. TORONTO, ONTARIO jor portion of the article is tables 
301 FIFTH AVE. SO., MINNEAPOLIS. MINN ivi ] rati ‘ : 
4747 BRONX BLVD., NEW YORK 70, N.Y. giving detail ratings and character 

istics of the units obtainable from 
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= es sixteen manufacturers. Rating in- 
4é }] formation given includes current, 
piv, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


a . . Magnetic Properties of Stainless 

* —_ am | Steels, September 1958, 5 pages. 
die cast Or i. iL Practical tips on selecting a corro- 
3 oie sion-resistant steel with particular 

’ magnetic (or non-magnetic) proper- 

MALLORY a ties for structural and magnetic 


applications. Effects of heat treat- 


ae Seer oe ment and/or celd working on mag- 
y Be “i netic properties of martensitic, 
“s , = : ; ferritic and austenitic alloys are 


reviewed. (725) 

helped create higher P 
rated, longer Si ae S Sal 4 Ferrites for High-Power R-F Tuning, 
lasting switch = : 4 August 1958, 12 pages. The Te- 
Sa, ae / sults of a program for evaluating 
commercially available ferrites for 
a ta a “Impossible”, yes, by any ether method. BUT—GRC’s power tuning applications in the 
quantities of 100,000 unique single cavity die casting techniques made possible range from 2.5 to 80 megacycles. 
¥ re meee mee omer oe ae Included are (1) magnetic per- 
OD SHES TOO SAL sallore caanes ~ ea aie ao hanes eh meability and Q as a function of 
around this GRC die cast mechanism! Just another in- frequency, r-f flux and tempera- 
stance in which GRC’s exclusive patented methods have ture; (2) dielectric constant and Qp 
unten ten , solved a ports problem and as a function of frequency and elec- 
detailed apnnee Ge Guar > 6 eae pee tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


to many millions 


Max. weight V2 oz 
Max. length 134 


buiietin or } uct . @t substantial savings. 


send prints 


WORLD'S FOREMOST PRODUCER 
for quotation. 


re ; OF SMALL DIE CASTINGS 


GRIES REPRODUCER CORP. : 
149 Beechwood Avenue, New Rochelle, New York « NEw Rochelle 3-8600 i) (Z<- | om ee Specifications 
antteee or Control Components, August 


Be sure to see GRC at Design Engineering Show—Booth 1524 | = 1958, 8 pages. The urgent reasons 
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READ DIRECTLY 


Luua 


and 


Luv 


10 times previous accuracy, drift less than 
+2 pv, noise less than O.2 pv! 


New 425A Microvolt-Ammeter 


Now make these difficult measurements quickly, easily 


Engineering — minute dc potentials, difference voltages, nulls; resistances from milliohms 
to 10 megmegohms (with external de source). Also use with Esterline-Angus, other 
recorders 


Physics, Chemistry — grid, photomultiplier circuits, vacuum ion levels, thermocouple poten- 
tials, voltaic currents in chemicals 


Medicine, Biology — voltages in living cells, plants, seeds, nerve voltages 


Use of a photoelectric chopper instead of a mechanical vibra- MICROVOLT-AMPLIFIER 

° fae aes Ce ee Pe re ie nae Voltages: Po nd ne 10 to 1 full scal 
tor, insuring low noise and drift. Protection against 1,000 volt aoe 13-10 eae rf eee 
momentary overloads. New probe minimizing thermocouple Current: Pos. and neg. 10 Hla to 3 ma full scale 


Sa . . cc ae 5 . 18 ranges, 1-3-10 sequen 
and triboelectric effects. Heavy ac filtering. = — 
7 sccheliaiohaiadhaasdsetidiatinaoaie Input Impedance: | megohm on voltage ranges, 
: 7 1] megohm to 0.33 ohms on current ranges 
Above are but a few of the reasons why the new -Ap- 425A Accuracy: + 3% full scale 
does the work of complex equipment arrays faster, more sim- AMPLIFIER: 
ply and with 10 times previous accuracy. Frequency Range: dc to 0.2 cps 
Gain: 100,000 maximum 
Output: 0 to | v, adjustable 
Output Impedance: 10 ohms, |,000 shunt 
PRICE: $500.00 f.0.b. factory 


Data subject to change without notice 


In addition to extremely small voltages and currents, Model 
425A measures resistances from milliohms to 10 megmegohms, 


in conjunction with an external constant current. 


Get complete details today from your -/p- representative, or HEWLETT-PACKARD COMPANY 


write direct. 26M PAGE MILL ROAD - PALO ALTO, CALIFORNIA, U.S.A 
CABLE "‘HEWPACK'' « DAVENPORT 5.4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


presenting 30 basic new instruments in one year! 
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FANSTEEL HP TYPE 


TANTALUM CAPACITORS 
For High Temperature (125°C.) Applications 


One of the most acute electronics problems today is the failure of 


components to operate efficiently under severe environmental con- 
ditions of temperature extremes and high shock and vibration. 

When electrolytic capacitors are called for, Fansteel engineers 
have licked the problem with the HP Type Tantalum Capacitor. 
Designed expressly for reliable operation with unexcelled stability 
over a wide temperature range —55°C. to +125°C. The rugged 
construction of the HP is also especially adaptable for circuitry 
where exceptional resistance to vibration and shock is required. 

Fansteel HP Type Tantalum Capacitors have unlimited stor- 
age life... are hermetically sealed .. . and still have the most 


capacitance in the smallest package. 


Write for Bulletin 6.111-1 


TUN M LAL eM HMA ae Ut Me gee 
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why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


British Magnetic Amplifier Develop- 
ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
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turing of electrically energized 


equipment. The article includes | 
specific case histories, advantages 

and disadvantages of _ British, 

French and German experiences 

with aluminum and its alloys. Ma- | B® 


terial is based on papers presented 
at a symposium sponsored by the 


a # 2 e 
British Aluminum Development As- 
sociation in London during May, | 
1957. (726) 


International Standards for Motor FROM 
Dimensions Set for Final Approval, 


March 1958, 8 pages. Final pro- | 
posed I.E.C. motor dimensional | 
standards for interchangeability be- 


tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 


are described. (708) 


) 
| 
| 





JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; 10—$6.00; 25-—$12.50; 
50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 
Sixth Ave., New York 20, New 
York. (724) 


Silicon Power Rectifier 


For other reprints, see the Special 


Reprint Service starting on page 204. 


Postcard return forms are provided 
” ; 
on page 17 as a convenience to the 


reader in obtaining — 


New Components and Materials 
Additional data from the sup- 


plier of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 


publication reviewed. 


Feature Article Reprints 


Single copies of selected feature 
articles. EKANS al TEEL 


Advertised Products 
More information on any prod- 


uct or service described. 


DUNS ae aOR et 0) ee 
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Special Reprint Service 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 


Heat Flow Theory, April 1959, 20 
pages. A concise review of the 
major analytical techniques that 
have been developed over the years 
to solve one of the commonest gen- 
eral problems in electrical and 
mechanical design—heat dissipation 
or thermal rating. Basic equations 
for conduction, convection and ra- 
diation are derived. Dimensional 
analysis is used to establish the 
parameters and the various “num- 
bers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 


include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to the Gage Publish- 
ing Company. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 


data. Examples from electrical and 
electronic (transistor) applications 
are worked out to pinpoint the 
theory and to upset some precon- 
ceived notions. Written by Allan D. 
Kraus, an electrochemical engineer 
presently working on heat transfer 
problems at Sperry Gyroscope Com- 
pany, who has drawn on a wide 


background in solving heat flow 
problems. $1.00 


Fundamentals of Ferromagnetism, 
March 1959, 32 pages. A new ap- 
proach to the study of magnetism, 
derived from modern solid-state 


ORDER FORM 


Please enclose remittance (cash or check) with your order. 


No. of 
copies 


Heat Flow Theory 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Introduction to Semiconductor Theory 


Engineering Applications of Boolean Algebra 


Five-Year Annonated Editorial Index 


Slide Rule Methematics .. 


Human Engineering in Equipment Design 


Casting Resins and Application Techniques 


Total Copies 


$ 
Total Order 


TO; ELECTRICAL MANUFACTURING, 1250 Sixth Avenue, New York 20, N. Y. 


NAME..... 


COMPANY .... 


ADDRESS 


accompanied by remittance, the fol- 
lowing prices (which include shipping 
charges) per copy apply: 


Quantity 
Title 25 


Heat Flow Theory .90 
Ferromagnetism 

Fourier Analysis 
Semiconductor Theory 

Boolean Algebra 

Slide Rule Mathematics 
Human Engineering 

Casting Resins 


tS VLU UL 


— Vv 


wWwenoauynan 


= bo 
~ 
— 


Prices for larger quantities are avail- 
able on request. 


physics. Explains magnetic behav 
ior and properties of magnetic 
materials in terms of fundamental 
electron interactions. Includes: 


e Origins of Ferromagnetism. Mag- 
netic moments, atoms, solids, 
spin-spin interactions, the search 
for 5-Bohr magnetons. 

Internal Structure of  Ferro- 
magnetic Materials. Uniform 
magnetization, magnetic curling, 
domain walls and domain wall 
formation. 

Magnetization Curves. Major 
hysteresis loops, virgin magneti- 
zation curves, minor hysteresis 
loops. 

Time Effects in Soft Materials. 
Eddy currents, energy loss in 
magnetic systems. 

Effects of Atomic Ordering in 
Alloys. 

Interactions for Heterogeneous 
Systems. 

Magnetic Materials of the Pres- 
ent and Future. Iron, silicon- 
iron, iron-nickel alloys, iron-co- 
balt, materials with } = K = 0, 
ferrites, permanent magnet ma- 
terials. 


Written by Anthony Arrott and 
J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, 
February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 
Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A thorough theoretical 
background on Fourier analysis is 
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THE FIRST COUNT-DOWN WAS 


ide AN R.F. 


SHIELDING ENCLOSUR 


Proper functioning of critical missile electronic guidance 
systems demands exhaustive pretesting in the laboratory, 
on the production line and at the launching site. One very 
important pre-testing procedure is analyzing the performance 
of electronic components, sub-systems and systems in an area 
completely free of RF interference. 

Shielding, Inc. is a supplier of RF Shielding enclosures for 
use in both the Thor and Atlas programs. As a designer 
and producer of RF shielding enclosures from the largest 
ever built to standard, modular rooms, Shielding has the 
experience and abilities to fill critical RF shielding 
requirements — with either a standard or custom- 
designed enclosure. 

Missile and communication equipment manufacturers and 
government officials know from experience that Shielding 
enclosures offer the highest RF shielding effectiveness 
available for construction material used . . . incorporate 
extra mechanical design features and installation versatility 
not found in conventional enclosures. 

Whatever your RF interference needs, Shielding will 
deliver an enclosure to your specifications. Write or wire, 
outlining your problems, to Shielding, Inc. You will receive 
a prompt appraisal. 


- READE AVE... 
/ERTON. N. J. ” 


—~MITCHELL SPEAIRS COMPANY *¢SEATTLE—G. M. GILLETT COMPANY 
MTARK ELECTRONICS SALES LTD., AJAX, ONTARIO 
it tl . 
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ow! : > reliability tor v 7 routs resented plus a discussion of the 
Now! A higher reliability factor in printed circutts on " ae Hid oe aaa 
examples to point up particular 

problems which are often en- 

countered. Written by Ira Ritow, 

Airborne Instruments Lab. $1.00 


Introduction to Semiconductor Theo- 
ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
duction processes in semiconductors 
written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of oper- 
ation of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
graphical representation of para- 
meters in terms of operating point 
and temperature. Theory of solids 
is presented, followed by a discus- 
sion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of volt- 
age, temperature, and other ex- 
ternal influences are analyzed. Tran- 
sistor theory is then presented in 
terms of the basic conduction proc- 
esses in a p-n junction. $1.00 


Engineering Applications of Boolean 
Algebra, 68 pages. A design guide 
to the analysis and synthesis of 

switching circuits and logic sys- 


tems—both combinational and _ se- 
quential—in any medium: mechani- 
» » * . cal, electrical, hydraulic, electronic 
a fl ew a nd (| ist | net ively ( iffe rent or solid state. Includes five pre- 
viously published articles plus a 

never-before-published appendix. 


ini e Language and Laws of Boolean 
ints On Copper-c a Algebra 


e Analyzing Combinational  Cir- 
cuits by Boolean Matrices and 


laminates that accepts all =|. ising 
p e Analyzing Specifications and De- 


signing Circuits 





e Circuit Design Using Boolean 


acid resists uniformly Matrices and System Synthesis 


Using State Coding 

e Designing Sequential Circuits 
Something new and distinctively different has been | Plus (available only in this combined 
added to TAYLOR copper-clad laminates —a finish .~ Sequential Circuits 
that accepts all types of acid resists uniformly. High e Tabular Reduction ‘Techniques 
fidelity in printed circuit reproduction is assured. e Selected Bibliography 
Circuits can be of consistently higher quality and reli- Written by Boris Beizer, Airborne 
ability, no matter how critical the design. For com- ee a ao = 
plete details about TAYLOR copper-clad laminates and | ee ee ee noe 


: ' tion Corporation. $2.00 
samples, write TAYLOR FIBRE Co., Norristown 37, Pa. 


Five-Year Annotated Editorial Index 
to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 


functional subject classification and 

with succinct annotations, every 

feature article and major “Design 
LAMINATED PLASTICS VUL 


Trends” short article published in 
CANIZED FIBRE ELECTRICAL MANUFACTURING dur- 
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NEEVV cox... 
N EVV PERFORMANCE... 


for the famous 


weston —Yj/ tis 


Yes... the trusted, familiar WESTON 301 LINE has 
undergone a big change this year. You'll find these 3%- 
inch, pace-setting instruments looking different .. . 
doing more for you ... working better and longer. 

The renowned Cormag® mechanism, now standard, 
permits mounting on magnetic or nonmagnetic panels, 
close to other instruments, without special adjustments. 
It makes the “301” immune to the effects of stray mag- 
netic fields. 


The new 301 line is available in D-C, R-F and A-C 
rectifier types, as well as in moving iron A-C types with 
capabilities of obtaining controlled ballistic character- 
istics — even including critical damping. 


[a DAYSTROM UNIT 


APRIL 1959 


A new, modernistically styled, Bakelite case — round 
or rectangular — is standard in this completely new line. 
These cases are interchangeable for A-C and D-C models. 

You'll be interested, too, in the new 2%-inch Weston 
pane] instruments — the 201 group. They match in 
appearance the 301 group and incorporate the same new 
features. 

For full information, contact your local Weston repre- 
sentative ...or write to Weston Instruments, Division 
of Daystrom, Inc., Newark 12, N. J. In Canada: Day- 
strom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., Newark 12, N. J. 


WESTON 
Quitman 
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ing the 5-year period from 1951- 
1955. $1.59 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out, A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 


- 5S a on ~~ 4 
T IN L the logical development of the 
slide rule’s fundamentals and com- 
az plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
s settings are given. Major topics 


include: 
Specializing in terminal blocks for over a quarter-century, Kulka e The Basic Slide Rule 
offers the outstanding choice of types and sizes and “know-how.” ¢ Variations on Basic C-D Opera- 
Kulka blocks are molded of high tensile strength Bakelite for general tion 
commercial use, or in other materials made in compliance with latest e Trigonometry 
military specs. Plain or engraved or with marker strips. 1 to 26 e The Log-Log Scales 
sesasinnis. See. e Vector Diagrams 
e Hyperbolic Functions 
ASK FOR DATA... Catalog with listings, specs, dimensional drawings, e Phasor Calculations 
sent on request. e The Circular Slide Rule 


Complete the wiring with Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELECTRICAL 

KULKA ELECTRIC CORP. MANUFACTURING includes “Capsule 
633-643 So. Fulton Avenue Calculus” and the 5-part series 
Mount Vernon, N.Y. “Fundamentals of Servomechanism 


Design.” $1.00 
Circle 205 on page 17 


COCCH OOOO OOOO OOOO OC EOOEE OOOO OOOO COSOCO OOOO OOO OCOEOOOES Human Engineering in Equipment 


Design, 94 pages. Ten previously 
* FILTER NETWORKS 


published articles dealing with the 
e MAGNETIC AMPLIFIERS We: 


theory, techniques and practice of 
e TRANSFORMERS 


human engineering written for the 
(Pulse, Audio, Power) 


*, 
‘tn 


special needs of the designer of 
electrically energized machines, 
equipment, appliances and _instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibiliography 
of articles is included. $2.00 


custom made to MIL 


and industrial specifications 


Keystone 133%! w 


904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY 
UNion 6-5400 
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See Order Form, page 204 
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Gj manesu NUTS 


with a difference 


j 


It takes a little extra care in the drawing operation to make really reliable 
J-nuts in volume but it’s well worth the trouble. It reduces internal strains 
in the barrel so that DOT J-nuts stand up to working loads considerably bet- 
ter than the average fastener of similar construction. 


Available in three thread sizes (5/16’-18 and 24, 1/4-20) and to fit three 
ranges of material thickness (.030” to .065”), DOT J-nuts are made of carbon 
steel. They hold themselves in place over stamped holes so that preassembly 
is practical in cases where the actual bolting operation comes at the end of a 
series of other operations. 


Full details on request. 


@ FLUSH SEATING 


@ SELF-RETAINING 


@ SELF-TENSIONING 


@ LOW COST 


@ CAREFUL 
WORKMANSHIP 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


MAKERS OF FASTENERS 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Literature 
for the 


All-new listings of manufacturer's literature just off the press .. . 


including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 


FLAKE INSULATION MATERIALS—A 
new form of glass for electrical equip- 
ment insulation called Fiberglas Flake 
is described in file folder containing a 
copy of AIEE Conference Paper, a re- 
print of an article “Glass-Flake Paper” 
(from June 1958 ExvectricaL MAnu- 
FACTURING), illustrations and data 
sheets on untreated and varnished 
sheets and fabric and film composites 
with samples of materials attached. 
Owens-Corning Fiberglas Corp. ~>632 


MOTOR CONTROLS—Condensed Motor 
Controls Catalog 14 is profusely illus- 
trated and includes wiring diagrams, 
dimensional drawings and prices, with 
size, weight and ratings information on 
complete line of motor controls and 
accessories. Index at the back of this 
80-page handy reference catalog lists 
catalog numbers and type identifica- 
tions. One section contains heater tables 
and motor charts. Industrial Control 
Div., Arrow-Hart & Hegeman Electric 
Co. > 633 


MAGNET WIRE—Newly issued pages 
(64) for Anaconda General Catalog 
C-79 consists mainly of an entire new 
Section 12 on magnet wire to replace 
and update previous section. It provides 
detailed guidance for proper magnet 
wire selection with a 4-page index. Set 
also includes various page replacements 
(10) for Section 16 which contain new 
technical data relative to conductor 


210 


Anaconda 


> 634 


selection and application. 


Wire & Cable Co. 


SEMICONDUCTOR PREFORMS—Four- 
page illustrated Technical Bulletin A- 
68 describes high-purity semiconductor 
preforms used in making alloy junc- 
tions in germanium and silicon devices, 
and includes information on analyses 
of alloys, specifications and tolerances 
of disks, spheres, and washer preforms. 
Phase diagrams of various semiconduc- 
tor alloy systems, published 
before, are also included. Accurate 
Specialties, Inc. > 635 


never 


PRESSURE TRANSDUCERS—Three new 
technical bulletins describe and _ illus- 
trate a series of rugged, high-perform- 
ance pressure transducers. Model DP-7 
is designed for the measurement of 
differential pressures in terms of an 
electrical output. Working ranges are 
between +0.15 psid to +300 psid full 
scale. Model GP-15D is for conversion 
of pneumatic or hydraulic pressures 
into a proportional electric signal for 
measurement under both static and 
dynamic conditions. Ranges extend 
from 10 psig to 6000 psig. Similar to 
the GP-15D, Model DP-15D covers a 
range from +5 to +5000 psi differen- 
tial. BJ Electronics, Borg-Warrer 
Corp. > 636 


V-BELT DRIVES—Bulletin A-695, 44 
pages, describes new line of small V- 


belt drives that weigh less and require 
less space than conventional V-belt 
drives. The unique construction fea- 
tures of new Dyna-V sheaves and V- 
belts are explained. Tables of pre- 
engineered drives make this an easy-to- 
use manual; other tables give hp ca- 
pacities, belt speeds, center distances, 
sheave diameters, etc. Dodge Mfg. Cor- 
poration. “> 637 


SILICONES—A new basic reference for 
missile designers, an illustrated 8-page 
brochure, “Silicones in Missile Design,” 
covers the use of silicones to aid mini- 
aturization and weight reduction, and 
to increase the reliability of missiles 
and missile components. Well organized 
for quick reference to the many appli- 
cations for rubbers, resins, 
dielectrics, fluids, greases and com- 
pounds. Dow Corning Corp. > 638 


silicone 


SILICON CHARGER—Chart for deter- 
mining the proper size and model of 
silicon-rectifier charger to be used with 
stand-by batteries is a feature of Bul- 
letin 6258 in 4 pages, 2-color, which 
tabulates information on 27 basic rec- 
tifier models, for selection of chargers 
according to number of battery cells 
to be charged, output amperage and 
input voltage and phase. Lists dimen- 
sions and weight of each model and 
specifies whether it can be mounted on 
a wall, rack or floor. Chart also covers 
a full range of single- and 3-phase 
models having an output range of 1 to 
400 amp. In addition to illustrating 
typical models, the bulletin also de- 
scribes features which help maintain 
constant voltage at battery terminals 
over a complete range from zero to full 
load (including the critical 0 to 15 per 
cent range which covers most float 
charging). Described are: hermeti- 
cally sealed silicon diodes which con- 
vert a-c directly to d-c and magnetic- 
amplifier regulating which 
automatically maintains the voltage and 
operates with minimum power loss. 
Exide Industrial Div., Electric Storage 


Battery Co. -> 639 


system 


COMPUTER TRANSISTORS—Data_bro- 
chures are available on each of a series 
of p-n-p germanium computer transis- 
tors to meet or exceed all reliability 
requirements of MIL-T-19500A. These 
series are the 2N425, 2N426, 2N427, 
2N428, and the 2N315, 2N316, 2N317 
transistors designed and tested for use 
in medium and high-speed switching 
and computer 

Transistor Corp. 


applications. Industro 


> 640 


POLYESTER RESINS FOR PREMIX COM- 
POUNDING—Bulletin 50-3 is a 22-page 
compilation of IC bulletins and other 
useful information for manufacturers 
interested in premix molding. It in- 
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PHILLIPS 


SUB-MINIATURE RELAYS 


A COMPLETE SUB-MINIATURE LINE A COMPLETE ENGINEERING SERVICE 


DC-33 DC-34 


APRIL 1959 Circle 208 on page 17 





AMPHENOL’s new Quick-Crimp Series BNC connectors* 
obsolete just about every other BNC now on the market. 


Here’s why: 


1 QUICK ASSEMBLY Only three basic parts 
(plus an optional boot) for you to assemble and 
crimp, as compared to as many as ten parts ina 
standard BNC! Assembly time is cut in half! 


INCREASED RELIABILITY Critical assembly 

operations have been eliminated; inspection is 
easier, faster, reliable. Cable retention and strain 
relief is greatly improved. Connectors are weather- 


proof, 


The Quick-Crimp family consists of 19 connectors: Plugs, Right 
Angle Plugs, Jacks, Bulkhead Jacks and Cable Terminations. 
Quick-Crimps mate with standard BNCs, Center contacts 

are gold-plated, have AMPHENOL’s patented captivated contact* * 


construction. Voltage rating is 500 V. peak. 
VSWR is low up to 10K mc. 


U.S. PATENT PENDING U.S. PATENT 2,670,420 


Body Assembly, Ferrule Clamp 
Nut Assembly, Outer Ferrule and Boot 
—Only Four Parts to Assemble! 


2 7” 
-AMPHENOL CONNECTOR DIVISION 


AMPHENOL-BORG ELECTRONICS CORPORATION 
Circle 209 on page 17 


Chicago 50, Illinois 


cludes detailed information on the 
preparation of a premix compound 
(along with typical compositions) for 
a new high-strength resilient resin iden- 
tified as IC1400 resilient polyester, 
made with vinyl toluene monomer. The 
resin has good hot strength and is 
designed for easy mixing with a mini- 
mum of heat development. Interchemi- 
cal Corp., Finishes Div. > 641 


POWER SUPPLIES—Six-page technical 
bulletin 591 provides descriptive and 
technical data on Magitran line of 
solid-state regulated power supplies, 
new designs which combine the charac- 
teristics of magnetic and transistor reg- 
ulators and offer novel features not 
previously available. Includes a_ re- 
view of existing regulation methods 
with operational and circuit description 
information. Four-page Catalog 114, 
which describes and illustrates the new 
Magitran line, also provides full de- 
scriptive material, graphs, specifications, 
physical data and related information. 
Electronic Research Assoc., Inc. 642 


CORROSION-RESISTANT ALLOY— 
Booklet of 16 pages combines the 
latest data pertaining to corrosion- 
resistant “Hastelloy” alloy C under one 
cover. Chemical, physical and mechan- 
ical properties, along with a guide to 
corrosion resistance, are presented 
through the use of charts and graphs. 
Data on its high-temperature proper- 
ties are also included. Haynes Stellite 
Co. Div., Union Carbide Corp. 643 


IMPULSE COUNTERS—Condensed cata- 
| log, 4 pages, illustrates and describes 
| all types of Sodeco impulse counting 

devices; short type and standard-size 

manual and electric reset counters, 
monodecade counters, predetermining 
counters including heavy-duty types, 

a-c counters and impulse transmitters 

and adapters for applications where 

rapid accurate counting is required. 


Landis & Gyr, Inc. > 644 


MILLIOHMMETER AND MICRO VOLT- 
AMMETER—Engineering Notes, Vol. 
6 No. 3 contains data and _ specifica- 
tions for Model 502 milliohmmeter in 
2 pages and shows how resistances 
down to 30 micro-ohms can be meas- 
ured. Engineering Notes, Vol. 7 No. 
1, 4 pages illustrated, features Model 
150 micro volt-ammeter for measuring 
voltages as low as 0.03 microvolt and 
currents down to 2 micro-microam- 
peres and gives detailed circuit design 
considerations, schematic diagram and 
actual reproductions of stability per- 
formance tests. Keithley Instruments. 


Inc. >645 


| 
| 
| 
| TOROID INDUCTORS—Bulletin KT-1. 


4 pages, describes line of uncased, 
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-' In applications such as 
:: the Atlas ICBM where 
*; uncompromising relia- - a 
-: bility, high performance and miniature size are vital, BOURNS 
-: Convair-Astronautics specifies Bourns Trimpot Laboratories, Inc 
-: potentiometers. Hundreds are used in the pre-flight PO. Box 2112D Riverside. Calif 
:: checkout, launching and flight control of Atlas mis- ek el Riverside. Celitereiea 
*.. Siles. If the dependability of components is also iho itne . 
‘.*, important to your projects, investigate Trimpot.. 
ete :: the original leadscrew actuated potentiometer 
- made only by Bourns. Write for our new summary In Canada + Seates ® 7 all (Canada), Ltd 
" brochure number 4. aii — 


Exclusive manufacturers of TRIMPOT®, TRIMIT® Pioneers in potentiometer transducers for position, pressure and acceleration 
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hermetically sealed and __plastic-en- 
capsulated toroid coils, with specifica- 
tions, charts and curves. Kelvin Elec- 


tric Co. > 646 


CONTROL VALVES 
single and double control 
valves of compact design, zero leakage 
and full % in. flow (257 cfm at 100 
psig) are described in Bulletin 582-A 
listing sizes, dimensions, model num- 
bers, etc. Illustrated Bulletin 581 de- 
scribes “Slim Line” control valves 1 
in. thick x 3 in. wide, easily mani- 
folded into compact control centers. 
Also Ym in. and % in. sizes; 3-way 
and 4-way actions in solenoid, hand 
lever and ball actuated types. Hunt 
Valve Co. > 647 


Pilot-operated 
solenoid 


POTENTIOMETER Four-page data 
sheet 1357 gives complete  specifica- 
tions (including environmental) dimen- 
sional drawing and power rating curve 
for the 154 in. Helipot Series 5500 
single-turn precision potentiometer. 
Standard models of the all-metal Series 
5500 are available with 
ranging fram 85 to 146 k ohms, and 
are designed for operation in ambients 
up to 150 C. Helipot Div., Beckman 
Instruments Inc. > 648 


resistances 


POLYESTER GLASS LAMINATES 
Four-page brochure PD-59 presents in 


Dress Up Your Products 
with these 


tabular form all physical, mechanical 
and electrical properties of Dilecto 
polyester glass. Titled “Polyester 
Glass Dilecto and Celoron,” the bulle- 
tin describes the various grades and 
properties of CDF polyester glass and 
suggests applications; also describes 
custom molding available with CDF 
Celoron polyester glass. Continental- 
Diamond Fibre Corp. > 649 


MECHANICAL FILTERS - 
pages illustrated, 
plete line of standard production me- 
chanical resonant-type filters — for 
electronic circuit application. Cellins 
Radio Co., Western Div. >650 


Catalog, 16 
describes the com- 


CAPACITORS — Four - page brochure 
SEC 1500, illustrated, describes high- 
temp characteristics of plastic film type 
capacitors, with capacitor check list. 
Balco Research Laboratories. 651 


CABLE ASSEMBLIES —Twelve-page Cat- 
alog CA 12-58 covers 34 illustrated 
standard molded-type cable assemblies 
as well as field, special and coaxial 
types. Includes three pages of tabular 
reference data giving types, cable num- 
bers, corona levels and remarks. H. | 

Buggie, Inc. > 652 


DIGITAL VOLTMETER Bulletin 3018 
describes Model 81 digital voltmeter 


with detailed information on the opera- 
tion, circuitry, and specifications of the 
voltmeter, an all solid-state device us- 
ing a unique comparison technique for 
operation, as well as a list of appli- 
cations and accessories available. Four 
pages, illustrated. Beckman Systems 
Div. > 653 


PULSE CONTROL INSTRUMENTS—Con- 
densed catalog of 8 pages provides cap- 
sule technical descriptions of more 
than 25 unitized pulse control instru- 
ments including pulse generators, flip- 
flops, coincidence detectors, delays, 
mixers, counters and power supplies. 
Self-contained packaged units are eas- 
ily interconnected to form any desired 
pulse system. Burroughs Corp., Elec- 
tronic Tube Div. > 654 


POTENTIOMETER DEFINITIONS—Bro- 
chure of 8 pages lists functional defi- 
nitions as a guide to users of wire- 
wound and composition controls. De- 
lineates various aspects of linearity. 
Clarostat Mfg. Co., Inc. > 655 


FILLED TEFLON BEARINGS—Technical 
Bulletin CP-558 on Chempro-filled Tef- 
lon bearings lists seven styles of bear- 
ing materials used for pumps at speeds 
over 4000 fpm. Also suitable for elec- 
trical and electronic applications, in- 
cluding molded and machined spacers, 





IMMEDIATE 


DELIVERY! 


INDUSTRY DEPENDS 


ON THE 


MULTI-UNION LINE 


FOR HIGH STANDARD 


OF QUALITY 


INDUSTRY DEPENDS 
ON MULTI FOR “ON. 
TIME’ DELIVERIES. 


QUALITY 

* WHITE GLAZED PORCELAIN 

* SLATE 

*MOLDED COMPOSITION 
=" 


Fuse Clips — Ferrule Type are 
of spring tempered special 


. . bronze selected for its high 
Featuring metal inserts of . 


chrome, copper, satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 WN. Monticello * Skokie, Ill. 


conductivity and long lasting 
tension 


BULLETIN WD457 
GIVES COMPLETE DATA 


<p > we ADDRESS “VO hes 


eters ELECTRIC rie 


4219 W. LAKE ST. CH 
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A tape so thin 
it looks “poured on”’ 


J-M Dutch Brand Polyester Electrical Tape 


¢ Extraordinary thinness and flexibility 
¢ 4500-volt dielectric strength per layer 
¢ Stability at high temperatures 


Put a layer of J-M Dutch Brand Polyester Electrical Tape on a coil wind- 
ing, and you’ll see every turn of wire stand out, sharp and clear. The one- 
mil thickness and extra stretch of this unusual tape allow for maximum 
conformation to irregular surfaces with minimum tape build-up. 

One of 15 brand-new tapes for the electrical “specialist,” Johns- 
Manville Dutch Brand Polyester Tape is ideal for Class B insulation in 
electric motors. Its dielectric value is 4500 volts. It stays stable at operat- 
ing temperatures up to 125°C... resists oil, grease, corrosive chemicals, 
solvents, punctures, tears, and moisture. Available with a thermosetting 
adhesive that won’t throw out at high speeds, or with a pressure-sensitive 
adhesive that holds instantly and never becomes brittle. 

Get complete facts on the full Johns-Manville Dutch Brand line of 
easy-to-apply electrical tapes today. Write for literature. 


JOHNS-MANVILLE DUTCH BRAND DIVISION 
7800 S. Woodlawn Avenue, Chicago 19, Iilinols 


Jouns-MANVILLE 


JOHNS MANVILLE 


PRODUCTS 
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HIGH FREQUENCY PHASE SHIFTER 


now extends frequency range to 10 Megacycles 


The unique characteristics of these newly developed 
units suggest such interesting fields of application as: 


Color TV Test Equipment Direction Finding Equipment 
Missile Tracking Standard Time Signal 
Communications Computers (Pulse Generating) 


While accuracies of these Phase Shifters vary with the 
frequencies, the error at 2 megacycles is less than 30 min- 
utes. Dual channel or single channel units can be provided. 
Outputs terminate in Cathode Follower circuits, 

with output impedances of 50 or 500 ohms. 
Transistorized units can be developed for special 
requirements. 


Write for detailed specifications for the fre- 
quency to suit your application. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


other available components 
* AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS « AC AND DC TACHOMETERS « RESOLVERS 


A Trademark of DIFHL MANUPACTURING COMPANY 1A Trademark of THE SINGHI IANUPACTURING COMPANY 
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inserts, connectors and other parts for 
use in high-voltage, high-frequency and 
high-temperature electronic equipment, 
wires and cables. Chemical and Power 
Products, Inc. > 656 


PHENOLIC MOLDING COMPOUND— 
Six-page pamphlet D 203 describes 
Durez 16771 Natural, a_ high-impact 
phenolic molding compound reinforced 
with Fiberglas. It consists of Fiberglas 
rovings 4% and 1 in. in length impreg- 
nated with a phenolic resin. Illustra- 
tions show several current applications 
which include its use as insulation 
lining in rocket motors effective at 
4000-6000 F for short periods; as a 
clutch cone and an oil pump gear; in 
a commutator ring; and in a molded 
pump base. Hooker Chemical Corpo- 
ration. > 657 


FINGER-TYPE REGULATOR 
bulletin 6.04, illustrated, describes 
Size 4 Regohm, a 60-finger regulator 
for direct control of voltage of main 
fields of large alternators and gener- 
ators; line load regulation; power am- 
plification; impedance matching; and 
system stabilization. Basic types and 
available variations, circuitry, and 
typical applications are described. 
Electric Regulator Corp. > 658 


Six-page 


PLASTIC PRINTED MARKINGS— Bulle- 
tin AR-1l describes printed marking, 
Duralar, with outstanding weathering 
characteristics for fabricated instruc- 
tion and warning plates. A clear poly- 
ester film layer, laminated over the 
legends, makes it scratch-resistant and 
impervious to humidity, salt spray and 
ultraviolet rays. Available in a wide 
range of fadeproof colors. Duralith 


Corp. > 659 


COPPER - BASE ALLOYS -—~ Booklet, 14 
pages, has a detailed listing of the 
properties, forms and composition of 
wrought copper with reference sheets 
on tensile, yield and shear strength. 
Elongation of the alloys, both hard and 
soft, and ratings for corrosion resist- 
ance, hot working and annealing range 
and fabricating properties are given. 


Olin Mathieson Chemical Corp. ~>660 


CONTROL PANEL ACCESSORIES -Four 
page bulletin 104, illustrated, describes 
five Panalarm accessories for use with 
control panel information systems, liq 
uid level indicators, interlock recep- 
tacles, mercury push button and selec- 
tor switches for Class I Division 2 lo- 
cations, plug-in tester for operational 
testing of relays and mechanical push- 
button switches for panel mounting. 
Panellit, Inc. > 661 


PRECISION GEARS Thirty - two page 
booklet, “Better Products for Automa- 


tion Through Standardization,” was 
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Improved performance plus 


production economies 


Your job...and 


with 
High Alumina 
Ceramic to Metal 
Precision 
Assemblies 


Take full advantage of the superior elec- 
trical and physical properties of High 
Alumina and Steatite ceramics. Let 
CENTRALAB provide you with complete 
assemblies. 


The specialized techniques of close toler- 
ance ceramic-to-metal fabrication are 
daily routine at CENTRALAB. You can 
eliminate production assembly problems 
and at the same time achieve superior 
products by relying on years of expert 
knowledge and unequalled facilities for 
engineering ceramics. 


CENTRALAB can handle intricate, precision 
assemblies involving machining of cer- 
amics or metals to + .00025, metalizing of 
ceramics, cementing, riveting, soldering, 
plating, and stamping. Such assemblies 
are regularly produced in their entirety — 
from raw stock—in the CENTRALAB plant. 


Write for your free copy of CENTRALAB’S 
Ceramic Design Handbook giving your 
detailed design data and complete elec- 
trical and physical specifications on High 
Alumina and Steatite ceramics. 


VARIABLE CONDENSER SHAFT 
Precision 95% High Alumina shaft 
and silver plated brass hardware 
assembled and machined toa 
Total Indicator Reading require- 
ment of less than .002”. 


HIGH PRESSURE CONNECTOR 

With eight critical metal to ceramité 
sealing areas, capable of withstand- 
ing a minimum of 3,750 psi. Copper 
plated stainless steel housing. 


TUNER COUPLING ARM 

To hold center dimensions between 
riveted brass pivot and cemented 
phosphor bronze bushing, bushing 
is machined to a tolerance of 
+ 0005” or less. O-ring groove on 
pivot machined to .012” wide, 
—.000” -+- .002”. Machined ceramic 


screw. 


NON-FLOATING VALVE SEAT 


Comprised of ceramic cone with 
surface finish of 3-5 helium light 
bands brazed to machined and 
copper plated bushing. After assem- 
bly, Total Indicator Reading of 
ceramic cone is less than .005”. 


CONTACT ROTOR ASSEMBLY 

With riveted and soldered contact 
arm. Nickel plated brass bushing 
soldered to metalized ceramic. Tol- 
erance —.000” -}- .001”. on I.D. of 
bushing after slotting. 


Centsalab’s 


X.5939 


A Division of Globe-Union Inc. 
962-D E. KEEFE AVE. e MILWAUKEE 1, WIS. 
RRS 6 In Canada: 669 Bayview Ave., Toronto 17, Ont 
® 


VARIABLE RESISTORS « ELECTRONIC SWITCHES » PACKAGED ELECTRONIC CIRCUITS » CERAMIC CAPACITORS + ENGINEERED CERAMICS 
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prepared from lectures, seminars and prints of articles describing a variety 
conferences, Contains pictures, engi- of uses also included. Emerson & 
neering drawings and data for appli- Cuming, Inc. > 665 
cation of precision instrument gears 
and allied components, burrs, pin hubs, MERCURY PLUNGER RELAYS — Engi- 
clamp-type and hubless gears, stainless neers’ Fact File includes load ratings, 
steel vs nylon, pitch ranges, backlash, contact data, coil characteristics, 
worm and wheel drives, etc. PIC De- mounting dimensions, diagrams, illus- 
sign Corp., Sub. of Benrus Watch Co.., trations and technical articles on appli- 
Inc. > 662 cation engineering of mercury plunger 
relays. Ebert Electronics Corp. 666 
TANTALUM Four - page technical 
folder describes the application of BUTTON-CELL BATTERIES — Bulletin 
high-purity tantalum to the electronic, VO-110, four pages illustrated, high- 
nuclear, chemical and missile indus- lights the features, design potentials 
tries and various forms in which the and specifications of the VO-Series 
metal is available, with detailed tables nickel- cadmium, button - cell battery 
of chemical analysis. National Resear -h line which includes types from 100 to 
Corp. > 663 1750 mah capacities, over 50 sizes and 
voltages. Gulton Industries. > 667 
CERAMIC DISK CAPACITORS Six- 
page folder gives specification data ENCODER SYSTEMS—Bulletin 001, two 
available with straight 114 in. min pages, describes and illustrates C-100 
length leads or with crimped leads series shaft encoder, also the unique 
for printed circuit applications. Electro binary decimal code known as the Gi- 
Motive Mfg. Co., Ine. > 664 annini Datex Code. Bulletin 316, four 
pages, describes geared encoder sys- 
PLASTIC AND CERAMIC FOAMS tems. Illustrated. Datex Corp. > 668 
Twenty-page brochure on Eccofoam in- 
cludes information and technical data SURFACE HEATING EQUIPMENT — 
on plastic and ceramic foams available Bulletin GEA-6146B, four pages illus- 
in flexible and rigid sheet stock, foam- trated, shows how to select heating 
in-place resins, artificial dielectric and equipment and controls for surface 
pack-in-place foams (for electronic em heating, how to determine type of heat- 
bedment) and powdered materials. Re- er, ratings for surface or platen heat- 


ant 


heart 
Tae AU Ge tat tala 


\ IRE drawn to your specifications (down CONTROLS Business. 
Industrial and 
to .00025”) in base and precious metals Home Equipment of all types 
© Business Machines 
and alloys ... supplied bare, enameled, cer- — * Photography Equipment 
© Sewing Machines ¢ Welding Equipment ¢ Etc. 
amic insulated for use at 1000" F., or elec- eer 


ing, heat-up time for metallic platens 
and how to select thermostats and con- 
trols. Includes tables for heater selec- 
tion, heat absorption in kw of material 
in process, platen heat losses in kw, 
heat absorption of platen in kw-hr and 
table for determining thermostat tem- 
perature range. General Electric Com- 
pany. > 669 


TRANSISTORS Brochure G-150A 
covers specifications on improved high- 
frequency germanium-alloyed junction 
transistors types 2N444A through 2N- 
447A and 2N519A through 2N523A 
which provide higher voltage ratings 
and generally tighter specifications 
than were previously found in types 
2N444-2N447 and 2N519-2N523. Gene- 
ral Transistor Corp. >670 


COMPONENT TEST OVENS—Brochure, 
4 pages illustrated, describes Geco 
line of industrial ovens designed for 
testing electronic components, -availa- 
ble in door-mounted and vacuum-oven 
types; temperature range to 450 F. 
Also test chambers for altitude, tem- 
perature and humidity in standard 
sizes 1, 3 and 8 cu ft in temperature 
ranges —100 to +1200 F. Gruenbere 
Electric Company, Inc. >671 


SILICONE RUBBER—Bulletin CDS 170 
describes RTV (room temperature vul- 
(Continued on page 222) 


Available: DIMENSIONS: 


PL-1 Basic switch with a single pole 312" long, 2%"" wide, 
troplated ... to close tolerances. double throw momentary snap action Vr bigh. 


contacts. 


WEIGHT: 


walt 3 niall PL-1C Single switch unit with a 6 7 o2. single; 
Our research and development staff is avail- hoie. 0 caesar wie aerd “ane “a 7%) oz. double, 


series plug. 


FINISH: 


' . ae VY “re 2me PL-5 Contains two single pole double Light gray 
able to solve YOUR wire problems. So Oe eh os aetna. 


quence. 


CONTACT RATING: 


Ty , rahic ) PL-5C Contains two switches same 5 Amperes resistive at 
Write for data on your specific needs. ee as fet eee same popes ears: 


conductor line cord. 


60 cycles. 


We invite inquiries for special applications. 


SECON METALS CORP. econ 


7 INTERVALE STREET, WHITE PLAINS, N. Y. ELECTRIC CO.” 


WHite Plains 9-4757 
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LINE ELECTRIC COMPANY 


adi 
NDUSTRIAL TIMER CORPORATION 


27) South 6th St. @ Newark 3, New 
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ONE 
Swift, Sure 


SOURCE 

of all Raytheon Quality 
Electronic and 

Mechanical Components . . . 


Your Local 


RAYTHEON 
ELECTRONIC PARTS 
DISTRIBUTOR 


Now, the Raytheon Quality Tubes, Semiconductors and 
Mechanical Components you need are immediately available 
to you from your local Raytheon Electronic Parts Distributor. 
He stocks the complete line (see listing) and provides prompt, 
personal service. 

That means you can build into your products the additional 
benefits of Raytheon quality and save precious time doing it. 
It means you can obtain a wide range of components with a 
single order to one source of supply. 

Finally, you can achieve all this at no extra cost. Your 
Raytheon Electronic Parts Distributor sells at factory prices 
on prototype orders for all these Raytheon Quality Products. 
Buy through your Raytheon Distributor. For the name of the 
one nearest you, write... 


All of these Raytheon Quality Products are av 
from stock thr ough your local Raytheon Ele 
Distributor 
Raytheon Receiving Tubes 
et At metal eel ty 
tal Silicon and Germanium Transistors 
Raytheon Silicon and Germanium Diodes 
Raytheon Power Tubes 
LT Ad a Industrial Cathode Ray Tubes 
Raytheon Storage Tubes 
Raytheon Magnetrons and Klystrons 
Raytheon Voltage Regulators 


ee At i alee ents 
Control Knobs, Pull He -anel Brackets, Fuse 
Clips, Binding Posts, Shaft Locks, Test Jacks 


TAT eel hd Mallee h cela 


Industrial Products Department 


qn -_ 3) DISTRIBUTOR PRODUCTS DIVISION 


RAYTHEON MANUFACTURING COMPANY 
65 CHAPEL STREET, NEWTON 58, MASSACHUSETTS 


éxcellence in Elechonics 
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Meet Mr. Mu, the man from 


: Magnetic Metals 


q sittin. 


ELECTRICAL MANUFACTURING 





2 
~~ Need tape-wound cores... fast? 


We make ‘em to order and 


deliver in one week, by George! 


ust send us your specs. Within a week, you’ll have matched 

Centricores measuring up to your toughest physical and electrical 
demands. If you like, we’ll send along complete test data, too. 
Centricores are made from thin gauge materials with such singular names as 
Squaremu “79”, Microsil and ‘‘49” alloys.* There’s a fine variety of standard 
sizes, in either metallic or phenolic cases, available for fast delivery. 
Our large inventory of cores and raw materials permits us to adapt our 
shipments readily to your precise specifications. Selection and classification 
of the finest raw materials available . . . high precision winding machines. . . 
special annealing processes. . . all these factors contribute to the 
high degree of uniformity of our cores. Tell us what you need. 


*Other materials include Molybdenum Permalloy, Supermalloy, Orthonic, 
Silectron, Deltamax, Hipernik, and Hymu. 


ETALS 


transformer laminations « motor laminations * tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


NIAGNETIC METALS COMPANY © Hayes Avenue at 21st Street, Camden 1, N. J. 
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canizing) silicone rubber for electrical 
potting and encapsulating, for flexible 
mold-making materials, and for high- 
and low-temperature sealing and caulk- 
ing. Includes complete product and 
application data for three new RTV 
compounds said to have a number of 
advantages (including better physical 
properties and heat resistance) over 
previously available room-temperature 
curing elastomers. Available in several 
viscosities, pourable or spreadable. The 
cured rubber releases easily from non- 
porous surfaces, but can be made to 
bond to almost any surface. General 
Products 


->672 


Electric Company, Silicone 
Dept. 


MAGNETIC CONTACTORS — Bulletin 
41-B1, four pages, entitled “New Mag- 
netic Contactors for Air Conditioning 
and Refrigeration,” describes Class 41 
magnetic contactors rated in 20, 30 and 
40-amp sizes; 2, 3 and 4-pole. Available 
as open type or in general-purpose 
Type 1 enclosures. Bulletin 41-B2, four 
pages, entitled “New 
tactors 
Rated,” covers units rated through 10 
hp, 220 volts and 15 hp, 550 volts poly- 
phase; also 20, 30 and 40 amp; 2, 3 


Magnetic Con- 


Current and Horsepower 


and 4 poles in open or general purpose 
Type 1 
(full load and locked rotor amp rat- 


enclosure. Descriptive data 


ings), current and hp ratings, coil 


WHEN THE HEAT’S ON... 


. «you can really depend on Star THERMOLAIN® refractory porce- 


characteristics, outline dimensions and 
engineering data are in- 


> 673 


additional 
cluded. Furnas Electric Co. 


LABORATORY TEST INSTRUMENTS 

Illustrated Catalog 558 covers precision 
laboratory test instruments; low fre- 
quency Q indicators, comparison and 
limit bridges, incremental inductance 
comparison bridges, incremental induc- 
tance bridges, universal bridges, null 
detector and vacuum tube voltmeters, 
harmonic distortion meters, megohm- 
meters, decade inductors and decade 
capacitors. High-speed electronic count- 
ers for industrial application are also 
featured. Complete specifications for 
each test unit are included plus a full 
description and suggested uses. Freed 
Transformer Company, Inc. 674 
VOLTAGE REGULATOR—Data Bulletin 
5.041 describes and illustrates 30-finger 
Regohm voltage regulator, 4K, designed 
to handle the heavy currents encount- 
ered in battery charger applications 
and for exciter and main field generator 
control. Small sized, light weight, it 
can regulate sets up to 600 kva, 1800 
rpm. Electric Regulator Corp. 675 
PRINTED-CIRCUIT CONNECTORS 

Illustrated 6-page brochure gives spec- 
ifications, outline dimensions and gen- 
eral information on right-angle pin-and- 


socket connectors for printed-circuit 
applications. Miniature right-angle con- 
nectors available in various contact 
sizes and molding compounds. Right 
angle pins dip solder to printed circuit 
board, DeJur-Amsco Corp. >676 


MIDGET SCREW LAMPHOLDERS—Data 
sheet describes Tinylite midget screw 
lampholder for instrument dial and 
transistor radio scale lighting, toys and 
novelties, and many other uses. The 
Tinylite bulb used is only 9/16 in. 
high. Drake Manufacturing Co. ~>677 


WIRES AND CABLES—Six-page folder 
on “Plasticote” wires and cables lists 
and illustrates coaxial cables, military 
hookup wire, multi-conductor cables, 
appliance wire, miniature and audio 
wires and cables, high voltage and 
frequency wires, antenna loop, rvc-300 
apparatus and annunciator (bell) wire. 
Also television transmission lines, pri- 
mary and lead-in cable, 
“parallead” and “airsac” lead-in wire 
and TV rotor cable, available in a 
variety of conducting, insulating, jack- 
eting, shielding and armoring materials. 
Chester Cable Corp. > 678 


secondary 


DECIMAL DIGIT CONVERTER—Techni- 
cal Bulletin 102, 2 pages, describes and 
illustrates the design features and 
specifications of microvolt-decimal digit 


If you needa 


DIELECTRIC PAPER, 


lain for exceptional performance in any electrical heating device 


you manufacture ...broilers,- radiant heaters, ranges, water 


heaters, roasters, coffee-makers, air heaters, rheostats, immersion 
heaters . . hundreds more! Star THERMOLAIN offers good mechani- 
cal strength plus excellent thermal shock resistance ...a com- 
bination that means long, trouble-free heating-element life and user 
satisfaction. Want the facts? Standard re- 
fractory shapes are shown on our new data 


sheet together with sizes, weights and other 


for 


pertinent engineering data. Write for a 
free copy. Star Porcelain Company, 
30 Muirhead Ave., Trenton 9, N.J. 


STAR 


porcelain company 
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MOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


complete information write 


MOSINEE 


PAPER MILLS COMPANY 


Mosinee, Wisconsin 
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If you use locating dowels, hinge pins, rivets, set screws . . . 
or straight, knurled, tapered or cotter-type pins—you should 
look into the savings in time and money offered by the 
Rollpin formula. (1) You start with a straight production- 
drilled hole—no threading, peening or precision drilling is 
needed. (For example: permissible and typical hole toler- 
ances for effective Rollpin installation are .125-.129 for the 
4” diameter pin; .250-.256 for the 14” pin.) (2) You need 


ELASTIC STOP NUT 
CORPORATION OF AMERICA 


APRIL 1959 Circle 2 


no more than a hammer .. . simply modified hand tooling, 
arbor press or hydraulic press to set the Rollpin into a 
secure, vibration-proof fit. (3) You just drive the Rollpin 
into the hole... and that’s it. Spring action locks the Rollpin 
in place...regardless of impact loading, stress reversals or se- 
vere vibration. Yet it is easily drifted out... and can be re- 
used in the same hole. For information on how Rollpin can 
simplify your fastening jobs, fill in and mail coupon below. 


Elastic Stop Nut Corporation of America 
Dept. R56-422, 2330 Vauxhall Road, Union, New Jersey 


Please send the following free product information: 

(_] Rollipin dimensional data (_] Here is drawing of our product. 
[1] Rollpin installation What self-locking fastener would 
: suggestions you suggest? 

Name____ ™ “ 7 __Title 

a 


Street__. 


City 


22 on page 





CLEVELITE’ 


PHENOLIC TUBING 


SLEEVES QA 


oo WY 
. has the Electrical and Physical Qualities in the 


size...in the shape... 


YOUR DESIGN REQUIRES! 
ELECTRICAL PHYSICAL 
features: features: 


Unaffected by Oils and 
Solvents 


@ High Heat Resistance over 
250° F. continuous 


Mechanically and struc- 
turally strong 


@ Non-tracking and Insula- 
tion Resistance 


@ Dielectric Strength up to Easily punched, sawed 
250 v.p.m and machined 


Diameters from .090"’ to 
8.000"’; wall thicknesses 
from .0075"’ to .250°’ 


@ Low dielectric loss factor 


@ Low moisture absorption 


Molded nylon coil forms are also available in 
8/32 and 1/4-28 core sizes. 


Write for latest CLEVELITE brochure and samples 


CLEVELITE will make your product 
BETTER and at LOWER cost! 


7 
‘ 
- 
® 


*Reg. U.S. Pot. Off, * 


PLANTS & THE 


SALES OFFICES cantina 
== CLEVELAND CONTAINER == 
cHicaco 

pa pereed ae SALES OFFICES: 


Seen a 
sameseuea wii 
FAIRLAWN NO 


CLEVELAND 


NEW YORK 
WASHINGTON 
MONTREAL 


6201 BARBERTON AVE. + CLEVELAND 2, ome 


ABRASIVE DIVISION at CLEVELAND. OHIO 





REPRESENTATIVES 
NEW ENGLAND: FR S. PETTIGREW 4&4 COMPANY CHICAGO: McFARLANE SALES COMPANY 
10 N. MAIN ST, W HARTFORD, CONN 5950 W. DIVISION ST., CHICAGO 
NEW YORK THE MURRAY COMPANY, 604 
CENTRAL AVE, & ORANGE, N J S. MARIPOSA AVE. LOS ANGELES 
PHILADELPHIA: MIDLANTIC SALES COMPANY CANADA: PAISLEY PRODUCTS OF CANADA 
9 & ATHENS AVE... AROMORE, PA LTO. BOX 159 STATION “H", TORONTO 


WEST COAST COCHRANE BARRON CO. 644 
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converter Digicorder Series A and lists 
operating characteristics and applica- 
tions. Available in 20 different models, 
this instrument can be used to perform 
automatic data logging by providing a 
direct data processing link between 
voltage output devices and digital read- 
ing equipment. Computer Epuipment 


Corp. ->679 


INSULATING TAPES AND FABRICS 

Five new bulletins, each of 2 pages, on 
woven-glass-base insulating tapes and 
fabrics, describes properties and ap-- 
plications of glass tapes, fabric sheets, 
wrappers and die cut pieces, both 
silicone-varnished and _ rubber-coated. 
Titles are: “CDF Silicone Varnished 
Glass Fabric Sheets, Tapes, Wrappers 
and Die Cut Pieces,” “CDF Pressure- 
Sensitive Silicone Varnished-Glass Fab- 
ric and Tapes,” “CDF Silicone Rubber 
Coated Glass Fabric Tapes, Wrappers 
and Die Cut Pieces,” “CDF Semi- 
Vulcanized Silicone Rubber Glass Fab- 
ric Tapes, Wrappers and Die Cut 
Pieces,” and “CDF Grade CD-GSR 
Uncured Silicone Rubber Coated Glass 
Fabric for Producing Laminated Struc- 
tures.” Each bulletin includes, in tabu- 
lar form, complete information on both 
physical and electrical properties. Con- 
tinental-Diamond Fibre Corp. -> 680 


ELECTRICAL TAPES —Six-page fold-out 
brochure provides a general guide to 
tape-temperature limits with a bar 
graph indicating the relative life of 
various tape backings such as vinyl, 
paper, cotton, acetate, polyester, glass 
cloth with rubber adhesive and with 
silicone adhesive, polytetrafluoroethyl- 
ene and _ silicone rubber. Minnesota 


Mining & Mfg. Co. ~>68) 


SATURABLE REACTORS—Bulletin C- 
15-S describes and illustrates propor- 
tioning reactors, transductors, switch- 
ing reactors, and preamplifiers. Pre- 
amplifiers can be driven by signals as 
small as 200 microwatts. Switching re- 
actors, which translate input signals 
into logic functions and simultaneously 
handle power switching, operate directly 
from common line voltages or directly 
into normal control loads without spe- 
cial power supplies and other supple- 
mental equipment. Proportioning react- 
ors are used for power amplification of 
minute outputs from many types of 
transducers. Transductors, for measure- 
ment of large amounts of direct current 
without electrical connection with the 
system, may be used for straight meter- 
ing, recording, overload relaying, and 
controlling a feedback signal or refer- 
ence to a magnetic amplifier. Control, 


Div. of Magnetics, Inc. ->682 


ELECTRONIC INSTRUMENTS— Bulletin 
P1245-A on Dynamaster electronic in- 
struments lists in 64 pages complete 
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One 
Pallet of Quality 
-Coming Up! 


Whatever packaging you choose for the 
Roebling Magnet Wire you buy, you are 
certain the wire is of unsurpassed quality! 

Modern manufacturing methods. . . quality 
ingredients... wire-making skill based on 
decades of experience... exacting testing 
all these factors combine 
to assure this one high standard. Yet quality 
Roebling Magnet Wire costs no more than 
others! 


and inspection 


Roebling Magnet Wire comes in types 


and sizes exactly suited to your 
ss applications ...and packaged to 
> give you utmost flexibility, efh- 
ferme economy. Write Electrical 
Wire Division, John A. Roebling’s Sons 


New Jersey, for all 


erency, 


Corporation, Trenton 2 
the facts. 


ROEBLING é) 


Branch Offices in Principal Cities 


——, 
Subsidiary of The Colorado Fuel ond Iron Corporation i 





specifications of potentiometer and way, shut-off, manipulator, and dual ated single ana multi-conductor cable; 
bridge instruments in indicating, record- pressure valves. Solenoid valves de- coaxial and other cables. Boston Insul- 
ing, and controlling models with infor- signed for most common a-c and d-c ated Wire & Cable Co. > 687 
mation concerning new rack mounting, voltages, in standard or explosion-proof 
high-speed, multi-point and miniature housings, include the solenoid-operated SHAFT-ANGLE ENCODERS—Five bulle- 
instruments, in addition to descriptions 4-way, 3-way, shut-off and diverter valve tins, each of 4 pages, describe five 
of standard round-chart and strip-chart series. Barksdale Valves. > 685 models of analog-to-digital shaft-angle 
instruments. One section is devoted to encoders. Operation and construction 
sensing elements and attachments, re- STRAIN GAGES—Catalog, 24 pages, in- features, plus electrical and mechanical 
sistance bulbs, magnetos, photocells, cludes specification and price list 4310 specifications, are given along with 
conductivity cells, frequency converters, on SR-4 strain gages, instruments and illustrations and schematic operation 
computing, totalizing, and digital read- accessories. Lists over 250 types of diagrams of each unit. Bulletin 0858 
out attachments and a section describes bonded-filament resistance strain gages describes the subminiature, 2-9/16 in. 
the incorporation of Dynamaster instru- with electrical and physical specifica- diam, 13-digit encoder; Bulletin 0958 
ments into original equipment. Bristol tions of each gage type. Separate section features the 4 in. diam, 13-digit en- 
Co. ~> 683 provides data useful in the selection coder; Bulletin 1058 covers the 6-3/16 
of gages for various applications. A in. diam, 13-digit encoder; Bulletin 
FHP MOTORS—-Completely revised 12- wide variety of etched foil gages for 1158 features the 9-1/16 in. diam, 16- 
page Bulletin S-1 describes 300 (form- high, intermediate and room-tempera- digit encoder; Bulletin 1258 describes 
erly 265) standard stock reducer and ture applications are listed, as well as the 18-digit, 21 in. diam encoder. In- 
nonreducer motors of various types and all standard, semi-standard and special- dustrial Products Div., Baldwin Piano 
sizes. Horsepower ratings of nonreducer purpose wire gages. Electronics & Co. > 688 
motors listed range from 1/7 to 1/1500. Instrumentation Div., Baldwin-Lima- 
Reducer motors, with speeds ranging Hamilton Corp. > 686 GLASS-REINFORCED POLYESTER 
from 833 to 0.7 rpm, have torques of MOLDING COMPOUND — Four-page 
12.8 in.-oz to 219 in.-lb. Bodine Electric WIRE AND CABLE-—Series of 4-page folder furnishes technical information 
Co. > 684 bulletins are technical sheets containing on Thermaflow 105, glass-reinforced 
descriptions, specifications and _ electri- polyester molding compound, a general- 
SOLENOID VALVES — Illustrated 20- cal characteristics of wire and cable purpose high strength premix that 
page Catalog 59-60 is divided into three together with charts, graphs and other offers a number of desirable physical 
sections according to the type of me- helpful information. Subjects include properties such as high surface smooth- 
dium used (oil. water, or air) and flexible 1000 F wire and cable; multi- ness and gloss, exceptional strength 
features manual, foot-operated, and conductor MIL-C-3432A cable; small- uniformity throughout the molded part, 
solenoid valves. Under manual and diameter, high-voltage, high-tempera- and excellent corrosion — resistance. 
foot-operated valves are listed the 4- ture conductors: silicone-rubber insul- Tables provide data on the physical, 


Bonded 
Rubber 


Means 
Longer "iia wai date 


molded by WILBOW integrally with steel 


s 
Life wear rings, helps MUDWONDER®* mud 


valves set new service records. 


Mudline valve maintenance was a serious prob- 


: — — lem until MUDWONDER* valves began setting 
Zenith Automatic Transfer Switches assure full new standards of trouble free operation in oil fields 


protection against any failure of regular voltage. all over the world. WILBOW engineers played an 
Transfer to emergency power in a fraction of a important ee pohioving this remarkable per- 
second is automatic at 70% of line voltage. formance . . . by helping to develop the molded 


pe d eating ; buna-N-and-steel valve seat insert shown above. 
Regular power is restored at 90% of line voltage. WILBOW excels at producing special bonded 


Simple design . . . sturdy construction rubber-to-metal parts from a full line of compounds 


including the /Jatest synthetic, natural and silicone 
. switches Ik ec f : ; ; 
it lock mechanically through polymers. Let us help meet your needs, or perhaps 


a trouble-free toggle action . . . no springs, you'll find our WILBOW catalog helpful. Send for 
latches or delicate mechanisms. your copy today. 


Available electrically or mechanically “Registered trademark, Edward Valves, 
. o - - Inc., East Chicago, Indiana, Subsidiary 
1 held, 30 to 600 amps. of Rockwell Manufacturing Company. 


\ Send for free catalog oncomplete Zenith line. 


The WILLIAMS-BOWMAN RUBBER Co. 
[ZENITH ELECTRIC CO. 1953 South Sdth Avenue * Cicero 50, illinois * (Chicago Suburb) 
Mfrs. : . “ . 


of molded, punched, extruded and cut rubber goods. Specialists in pro- 


152 WEST WALTON STREET CHICAGO 10, ILLINOIS ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 


226 Circle 232 on page 17 Circle 233 on page 17 





J&L COLD ROLLED SPRING STEELS... 


PRECISION INSIDE AND OUTSIDE 


INSIDE—Microstructure control through processing techniques 
developed by J&L offers important advantages. For example, 
improved stamping, forming and drawing qualities; uniform 
response to heat treatment; reduction of heat treating distortion. This product 
is available in various internal structures and is also available in all 


hardness ranges—dead soft, intermediate and spring tempers. 


OUTSIDE—Superior gauge accuracy of J&L precision spring steels made 
possible by specially developed rolling mill equipment and techniques, 
saves production dollars. For example, elimination of grinding for 

gauge accuracy; lower inspection costs; longer tool life; 

smoother surface finishes. 


Investigate the cost-saving possibilities offered by J&L cold rolled 
spring steels. Contact J&L Stainless and Strip Division, 
Youngstown 1, Ohio. 


WA Plants and Service Centers: 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
Los Angeles * Kenilworth + (N. J.) * Indianapolis * Youngstown TEMPERED SPRING STEEL * ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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New G-E Glow Lamp 
permits less critical biasing 
... provides wider margin 

in circuit designs 


This General Electric NE-97 (and its first 
cousin, the NE-96) look exactly like 
the familiar NE-2... but each of these 
General Electric Glow Lamps has a wider 
differential between starting and operating 
voltage. This feature provides a margin 
of safety against false starting caused by 
transients in the circuit, since at least a 
30-volt pulse is needed to put the lamp 


in Operation. 


NE-97 


NE-96 
135 + 15 
70 + 10 
0.5 m.a. 


NE-97 
125+ 15 
70 + 10 
0.5 m.a. 


DIRECT CURRENT CHARACTERISTICS 
ee ee 
IES Wie & wre 6 Sw ee 
Design Current... ... ; 


Life— Change in Starting and Operating Volts at 0.5 m.a.—5-Volts in 1,500 hrs. 


MEMORY CIRCUIT 
¢ ———___ 


PULSE —e 
= 


ee 


APPLICATIONS — Because of the wide spread between starting and 
operating voltage, the General Electric NE-96 and NE-97 are well 
suited for use in switching circuits and counters, where the lamp may 
function both as the transfer element and an indicator of state or 
sequence. For full information on G-E Glow Lamps, write for ‘‘G-E 
Glow Lamps As Circuit Control Components’’. General Electric Co., 
Miniature Lamp Dept., Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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electrical, and chemical properties; 
folder also contains recommended 
molding conditions for both compres- 
sion and transfer techniques. Atlas 
Powder Co., Chemicals Div. > 689 


ADJUSTABLE SPEED DRIVES Four 
page Bulletin WRB-58 describes and 
illustrates operation and application of 
wide-range, adjustable-diameter, wedge- 
belt sheaves. Installation and mounting 
dimensions are listed for both the ad- 
justable diameter and companion 
sheaves and, in addition, the bulletin 
briefly discusses auxiliary equipment 
for adjustable-speed drives, adjustable 
motor bases and wedge belts. American 


Pulley Co. ->690 


GEARMOTORS—F our-page Bulletin 30- 
50, on right-angle gearmotors, offers 
engineering information on ratings of 
1/3 to 30 hp, single reduction, with 
output speeds of 23 to 280 rpm. In 
these units, motor and worm-gear re- 
ducer are combined integrally. Stand- 
ard NEMA “C” flange and standard 
motor are used to simplify maintenance 
and stock requirements. Integral engin- 
eering specifications are also given on 
Class I, If and III gears with open, 
enclosed or explosion-proof motors. 


Louis Allis Co. ->691 


LUBRICANT—Bulletin 120 discusses 
the effectiveness of Molykote “Wear- 
In” compound in eliminating the dam- 
age due to improper breaking-in on 
new or rebuilt machinery. Includes 
ordering information, prices and photo- 
graphs of a simple, 2-step method of 
applying the compound to insure posi- 
tive protection against galling, seizing, 
scuffing, scoring, tearing, scratching 
and excessive abraision. Alpha-Moly- 
kote Corp. 692 


INSTRUMENT AND CONTROL 
SWITCHES—Bulletin 14B8112B_ de- 
scribes (8 pages, illustrated) construc- 
tion features of Type 210 instrument 
and control switches available as either 
maintained or spring-return contact 
types, for use in conjunction with cir- 
cuit breakers, transformer tap changers, 
motor-operated rheostats, instruments, 
and many other types of electrically 
controlled apparatus. Rated for 20 amp 
continuous capacity with 600 volts in- 
sulation, the switches are designed for 
panel mounting and are furnished with 
a choice of handles. Units covered in- 
clude heavy-duty control switches de- 
signed for 1/8 to 2 in. thick panel 
mounting; are available with up to 14 
stages (14 control circuits). Allis- 
Chalmers Manufacturing Co. > 693 


ELECTRICAL METERS—Bulletin 81100, 
8 pages illustrated, describes a variety 


of “ruggedized” electrical meters and 
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This molded plastic part 
hangs up a record 60% savings 


Could be abstract art. Actually, it’s a brand new molded plastic device 
for hanging both low and high voltage power cables—saves up to 60°; of 
the cost of running power through heavily timbered areas. In designing this 
1534 oz. 4-part suspension clamp for injection molding, we worked with 
customer engineers—adapting their design to custom molding requirements. 
The selection of molding material— Methyl Methacrylate—assured the right 
electrical and physical properties, and the ability to withstand all types of 
weather. This is just one angle of every plastic molding job. Because we 
mold all types of materials and offer full range (small to large) compression, 
injection and transfer molding facilities, we’re free to make unbiased recom- 
mendations . . . to provide the material and method of most value to you. 
For more information, call or write. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1025 North Kolmar Avenue, Chicago 51, Illinois 


i 
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INTRIGUED? 


Do these problems 
faced by IBM 
Manuf acturin g En ginee? s 
I ntrigue You? 


) . . . . 
I oblem - How toapply optical tooling to develop 
new ways of gauging, inspecting, and controlling. 


Problem: How to coordinate such techniques as 
punching, etching, and printing in order to introduce 
entirely new concepts in the production of digital 
computer components and systems. 


Ps ° ; ; 
| roblem: How to analyze the application of 
digitally controlled manufacturing equipment. 


These are only some of the intriguing problems you 
could be working on at IBM. You will find career 
opportunities in such areas as advanced automation 
projects; component engineering; industrial controls; 
machine-tool design; manufacturing research and 
methods; semiconductor manufacturing; statistical 
analysis; and systems design. 


At IBM you will enjoy unusual professional freedom, 
comprehensive education programs, the assistance of 
specialists of many disciplines, and the support of 
a wealth of systems know-how. Working independ- 
ently or on a small team, your individual contribu- 
tions are quickly recognized and rewarded. This is 
a unique opportunity for a career with a company 
that has an outstanding growth record. 

Qualifications: B.S. or M.S. in Electrical, Mechanical, Indus- 
trial, or Chemical Engineering—plus proven ability to assume 
a high degree of responsibility in your sphere of interest. 

For details, write, outlining background and interests, to: 

Mr. R. E. Rodgers, Dept. =e 
International Business Machines Corp. 


590 Madison Avenue 
New York 22, N. Y. 


® 


INTERNATIONAL BUSINESS MACHINES CORPORATION 





accessories for military and commer- 
cial use in communications equipment, 
aircraft applications, generators and 
power supplies, electrical test sets, 
laboratory apparatus, industrial de- 
vices, training aids and other devices. 
WacLine, Inc. >694 


UNIVERSAL WORM-GEAR SPEED RE- 
DUCER — Folder 2724, 8 pages, con- 
tains complete data on a new type of 
reducer designed to operate in three 
different positions; worm shaft below 
gear, worm shaft on top of gear, and 
output shaft vertical. Features high 
capacity with external fins for cooling. 
Five tables give service factors, load 
classes, input hp ratings, overhung 
load ratings and thrust load ratings 

also dimensions and weights. Link- 


Belt Co. 695 


PRECISION POTENTIOMETERS—Com- 
plete 48-page catalog of precision 
potentiometers describes _ potentio- 
meters built around patented Markite 
conductive plastic element which re- 
sists wear and breakdown under 
severe environmental conditions. Ro- 
tary, rectilinear, linear, non-linear, 
single-element as well as dual-element 
units available. Markite Corp. 696 


INDUSTRIAL ENCLOSED SWITCHES— 
Revised Catalog 83c covers a complete 
line of industrial enclosed switches in 
20 pages and, together with Catalog 
84, covers the complete Micro Switch 
line of industrial enclosed and heavy- 
duty limit switches. Gives complete 
details of nine housing groups of metal- 
enclosed switches. Explosion - proof, 
maintained-contact, pre-wired, hand- 
operated and sealed switches are a few 
of the 99 different listings shown. 
General-purpose industrial enclosed 
switches with a variety of actuators are 


listed. Micro Switch. ->697 


MAGNETIC AMPLIFIERS AND SYS- 
TEMS — Eight-page Bulletin S-963, 
entitled “Magnetic Amplifier Systems 
for Nuclear Reactor Installations” 
and illustrated with  photo- 
graphs and charts, describes rod 
programmer amplifiers designed for 
a nuclear power plant using’ a 
static control system. Details of mag- 
netic-amplifier servo drives and appli- 
cations in nuclear drive systems, cover- 
ing control rod drives, hydraulic valve 
control and remote handling control, 
are included. Also described are Stat- 
Pack static magnetic switching systems 
used in reactor control circuits, pro- 
gramming and simulators; magnetic 
amplifier voltage/current regulators 
and regulated d-c power supplies. 
Bulletin S-921, 2 pages, describes a 
new standard line of low-level linear 
magnetic amplifiers. Magnetic Ampli- 


fiers, Inc. ->698 
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NEW WOUND FIELD MOTORS / VERSATILE 


Precision miniature wound field d.c. motors in five basic frame sizes 
(to 214,” OD and to 1/10 hp) and in countless variations are now available 
from Globe Industries. You can design them into many military and other 
high quality products because they meet such an enormous variety of 
power and duty requirements. Examples: 

Split-series units reverse rapidly and simply with a SPDT switch. Series 
units start with relatively high torque, low current drain. Shunt wound 
varieties offer means for low current control. Universal motors operate on 
a.c. or d.c. Globe-designed gear reducers, brakes and clutches can be built 
into the unit, and Globe can efficiently design and build the motor and 
accessories into a special motorized device. 

If you'd like to look into miniature wound field motors of any description, 
or combine them with other components, ask the largest manufacturer 
of precision miniature motors first. Request technical Bulletin WF-1. 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE INDUSTRIES, INC. [eqjMe)=j3 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Nev 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 


with all released specifications and available application data. 


SILICON COMPOSITE 
P-N-P TRANSISTOR 

Silicon composite 
ARA-46P, for 


plications in 


p-n-p  transisitor 
high-temperature ap- 
linear amplifiers, non- 
linear switching applications from d-c 


to alpha cut-off frequencies, series regu- 


if 


lators and where high impedance 
driving sources exist, is thermally com- 
pensated to operate at temperatures 
up to 200 C, 

It has the general characteristic of 
a small signal transistor at the input 
and that of a power transistor at the 
output, giving the overall gain of a 
cascaded amplifier, which greatly simp- 
lifies and improves the reliability of 
transistorized equipment employing this 
unit. Completely interchangeable items 
in any application. Case size, 7g x 2 x 
21% in. Advanced Research Associates, 
Inc., Semiconductor Div., P.O. Box 68, 
Kensington, Md. > 479 


CONTOUR PHOTOCELLS 


Three-dimensional selenium photovol- 
available in 
many other 


configurations, can be shaped into al 


taic “contour photocells,” 
curved, cylindrical and 


most any form. Can be mounted on a 
rotating shaft in a position-control 


servomechanism or, when formed into 


232 


~y 


a photosensitive cam, can be used as 


a form of non-linear function generator. 

These unique light-sensitive cells are 
adaptable to a wide variety of elec- 
tronic, photoelectric and control appli- 
cations; production flow processes; 
automatic inspection and sorting; and 
similar functions. Can be produced to 
any requirement in 3-dimensional 
shapes with as little as 1 in. radius of 
curvature. International Rectifier Corp., 
1521 E. Grand Avenue, El Segundo, 


Calif. >480 


TRANSISTORIZED SERVO 
AMPLIFIER 

Completely transistorized servo ampli- 
A3300-01A, 
marily for commercial and industrial 
115-volt, 60-cycle 
supply, is equipped with an 
internal d-c power supply and exhibits 


fier Type designed — pri- 
operation from a 
power! 


low transistor dissipation. Does not re- 
quire a load-tuning capacitor and pro- 
vides 90 deg phase shift; is sturdy and 
features max ease of gain adjustment. 
Power supplied to load is in pulse of 
constant amplitude, and the width of 
the pulse is proportional to the ampli- 


complete 


con at 
tude of the input signal. Phase of the 
input signal determines the direction 
of shaft rotation of the servo motor. 
Effective gain is established at any 
value between 80 and 1600 through 
insertion of an external resistor. This 
device may also be easily modified to 
drive 400-cycle servo motors up to 16 
watts. Kearfott Co., 1500 Main Ave.. 
Little Falls, N. J. > 481 


MINIATURE RELAY 


Micro-miniature relay Model KX is 
0.4 in. wide x 0.8 in. long x 0.875 in. 
high and has operating temperature 
range from —65 to +125 C. Sensitivity, 
200-250 mw with three different heade 


combinations. Will withstand shock 


tests of 50 g. vibration frequency of 
20 to 2,000 eps at 20 g. Coil resistance. 
up to 10 k ohms max; contact resist- 
ance, 0.020 ohms max. Kurman Elec- 
tric Co., Div. of Norbute Corp., 19] 
Newel St., Brooklyn 22, N. Y. >» 482 


ENCAPSULATED TANTALUM 
CAPACITOR 


Encapsulated solid-electrolyte tantalum 
capacitor, a disk-shaped unit, requires 
less surface area for mounting than 
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Give your design the advantages of 


GY MCHROL tuuinc Motors 
wart ADiIl i 


Adaptability 


Power-packed SYNCHRON Timing Motors are midget-sized to 
fit extremely close places. Adaptable to powering timing machines, 
action signs, recording thermometers, switches, heating and air 
conditioning devices. 


Dependability 
SYNCHRON Timing Motors pull up to 20 in. oz. at | r.p.m.; 
operate efficiently at temperatures from —-40°F. to +140°F. Each 
motor must pass 51 inspections and a grueling test under power 


before shipment. UL and CSA approvals 


Every construction feature performance proven ! 


8 GEAR CASE SEALED against oil leakage 
to permit mounting in any position. 


1 PATENTED TWO-PIECE FIELD STRUCTURE 3 ALUMINUM ROTOR RING SUPPORT. 
having wide and narrow poles, with rotor 
that rotates between inner and outer field 
poles. The inner and outer poles are 
properly shaded with heavy, continuous 
copper rings to assure maximum starting 


and running torque. 


4 PATENTED, HARDENED STEEL ROTOR 


RING. FOUR CONVENIENT MOUNTING HOLES, 


5 OlL STORAGE RESERVOIR with patented 
oil feed to bearings. 


BRASS GEARS. 


STEEL PINIONS. Note: Brass against steel 
assures longer life 


6 HEAVY BRASS ROTOR COVER. 


2 DOUBLE BEARINGS in reduction train on 


rotor shaft assure smooth operation. BAKELITE GEAR for quiet operation. 


7 DOUBLE BEARINGS ON OUTPUT SHAFT. 


STANDARD 
TIMING MOTOR 


(8 IN. OZ.) 

Compactly built to 
space saving dimen- 
sions, with rotor and 
coil packed in a 
sturdy hand - sized 
case, Used in timin 
devices and contro! 
of all types. Guar- 
anteed torque 8 in. 
“oz. at 1 r.p.m. 


HI-TORQUE 
TIMING MOTOR 


(20 IN. OZ.) 
There’s big power 
packed into this ver- 
satile timing motor. 
One year guarantee. 
Dependable, accurate, 
trouble-free. Guaran- 
teed torque 20 in. oz. 
at 1 r.p.m, 


$LO-MOTION 
SYNCHRON 
(1 R.P.H.) 


A new timing motor 
developed especially 
for slow motion jobs. 
Guaranteed 20 in. oz. 
at 1 eph, (1/60 
fr.p.m.) 


HANSEN 
CLOCK 


MOVEMENTS 

For standard and off- 
ice clocks, sign clocks, 
novelty clocks, and 
clocks of all kinds up 
to 26” in diameter 
under glass. Precision 
power with a Syn- 
chron timing motor. 


HANSEN 
MAGNA-TORC 


DC MOTOR 
Designed for aircraft 
instruments and radio 
controls, Armed. 
Forces applications 
have prov its ¢ 
performance  world- 
wide under all op- 
erating conditions. 
Easily adapted to 
commercial uses. 


“Workhorse of the industry” er 
synchronous motors, timing machines, ; 4 
clock movements, magnatorc DC motors 


SS NIGHIRICING 


HANSEN MFG. CO., INC. 


ESTABLISHED 1907 


PRINCETON 16, IND. 


FOR FULL INFORMATION CALL OR WRITE TODAY 


Hansen Representatives: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow Electric Co., New York, N. Y., Chester, Conn., Philadel- 
ia, Cleveland; Electric Motor Engineering, Inc., Los Angeles (WEBST R 3-7591) and Oakland, Colif.; H. C. Johnson Agencies, inc., Rechester, 
uffalo, Syracuse, Binghamton and Schenectady, New York. 
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but no 
danger! 


AC DIELECTRIC 
STRENGTH TESTER 


@ Conforms to ASTM 

D-149 and Federal 

Specification LP-406 
ethod 4031. 


@ Plug-in interchange- 
able test jigs for all 
ASTM tests. 


@ Automatic or manu- 
al increase of voltage. 


e@ Completely inter- 
locked for personnel 
safety. 


@ Self-contained test 
chamber. 


15,000 V rms. 
15,000 V rms. 
25,000 V rms. 
25,000 V rms. 
50,000 V rms. 
50,000 V rms. 
100,000 V rms. 


PA-5-152 
PAS-155 
PA-5-252 
PA-5-255, 
PA-5-502 
PA-5-505 
PA-50-1005 


ARC RESISTANCE 
TEST SET 


e@ Conforms to ASTM 
D-495 and Federal 
Specification LP-406 
ethod 4011.2. 

@ Simplified opera- 
tion, includes auto- 
matic stepping and 
timing. 

@ Improved electrode 
holder for test jig. 


@ Operable by un- 
skilled personnel, 


Price: Model ART-1 $1440.00 


Write For 


COMPLETE ELECTRONIC 
TEST EQUIPMENT 


CATALOG... 


LAL LLL a ee 


89 Commerce Road, Cedar Grove 
Essex County, N. J 
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standard cylindrical shapes. Grid-type 
leads permit mounting above the chas- 
sis and allow the circuit designer to 
bridge other wiring. Encapsulated in 
a Mallo-Seal type epoxy resin which 
reduces weight more than 30 per cent 
from conventional can-type capacitors. 
P. R. Mallory & Co. Inc., 3029 E. 
Washington St., Indianapolis 6, Ind- 
iana. ->483 


ELAPSED-TIME INDICATOR 


Miniature elapsed-time indicator for 
measuring equipment reliability has a 
diam of 0.665 in., is 1.415 in. long, 
weighs 1.2 oz and requires a power 
source of less than a watt. It incor- 


porates a tiny 115-volt, 400-cycle, 
single-phase synchronous motor and a 
jeweled gear train with a 180 million- 
to-l ratio and registers the amount of 
time critical electronic and_ electro- 
mechanical devices have been in opera- 
tion. 

Present models record up to 1000 hr. 
This unit contains an internal 
and is enclosed in a hermetically sealed 
case with solder-pin terminals and will 
stand vibration up to 10 g to 500 cps, 
a temperature range of 40 to +-165 
F, and shock up to 15 g. Elgin Micron- 
ics Division, 366 Bluff City Blvd., Elgin, 
Hl. >484 


reset 


SILICON POWER RECTIFIERS 


Silicon power rectifiers Types 6A and 
4A (illustrated) are now included in 
the Fansteel line. Type 6A is a 20-amp 
unit for high-temperature service at 
voltages from 50 to 400. It is available 
in 50-volt multiples within these ratings 
and will carry a full 20-amp load in 
half-wave circuits and up to 60 amp 
in bridge circuits. It is classified for 
general service in all types of power 
circuits. May be operated at ambient 


temperatures up to 165 C and is un- 
affected by storage temperatures from 
—65 to +200 C. 

Type 4A is a heavy-duty 35-amp 
silicon power rectifier which carries a 
full 35-amp load in half-wave service 
and up to 100 amp in bridge circuits. 
Available with peak reverse ratings 
from 50 to 400 volts in 50-volt multi- 
ples. Applicable to all types of power 
circuits, it is capable of being operated 
at ambient temperatures up to 165 C, 
is unaffected by storage temperatures 
from —65 to +200 C. 

Both types, 6A and 4A, have a stan- 
dard 14-28 threaded mounting, may 
be mounted in any position and are 
hermetically sealed. Fansteel Metal- 
hurgical Corp., No. Chicago, Ill. —>485 


POWER FERRITES 


Extremely high flux density of W-07 
ferrite promises to open new fields for 
the application of power ferrites. With 
exceptionally low hysteresis and eddy 
current losses, it affords outstanding 
performance at frequencies from 400 
up to 15,000 cps, and has a high Curie 


Ze 


(280 C). Magnetic properties 
are: max flux density at 10 oersteds, 
5200 gauss; max permeability, 4000; 
initial permeability, 1300; residual 
magnetism, 1000 gauss; and coercive 
force, 0.24 oersted at a test frequency 
of 1.5 keps and temperature of 25 C. 

Another power ferrite, R-03, with an 
almost perfectly rectangular hysteresis 
loop that provides high-efficiency opera- 
tion in the frequency range from 400 
cps to 15,000 cps, has a high max flux 
density and a low coercive force, which 
allows saturation to be accomplished 
with low levels of drive. High ratio 
of remanence induction to saturation 
induction minimizes transient spikes 
and in addition, its hysteresis loop re- 
duces with temperature so that the loss 
per cycle is less at higher than at lower 
temperatures. Suited for use in i-f mag- 
netic amplifiers, static switching de- 
vices, transistorized inverters, and 
power supplies. Magnetic properties 
are: saturation induction at 10 oersteds, 
3900 gauss; remanence induction, 3360 
gauss; coercive force, 0.37 oersted; 
and max differential permeability, 40,- 
000, with d-c test current in all cases. 
(Continued on page 237) 
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Metallurgical Memo from General Electric 


How a tiny thermistor 
takes temperatures in outer space 


Magnetic Materials Section reports on thermistors .. . 
and on new production facilities that permit 


them to be tailor made for any application 
One critical piece of information relayed from space trip time delay devices, and regulate voltages. 


by Explorer I was its external skin temperature as Now, G-E, through new production facilities, cau 


it orbited. This exacting job was assigned to a G-E 
high temperature thermistor RF-111. 

Thermistors are thermal-sensitive semi-conductors 
with large negative coefficients of resistance. In 
electrical circuits G-E thermistors measure and con- 
trol temperatures, suppress initial current surges, 


tailor-make thermistors to your specifications with 
resistance values from 1 to 10,000,000 ohms and 
temperature coefficients of resistance from —1% to 

5% at 25°C. For more information—or the assist- 
ance of a G-E engineer—write: Magnetic Materials 
Section, 7804 N. Neff Street, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @® ELECTRIC 


CARBOLOY® CEMENTED CARBIDES *¢ MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS © THERMISTORS e¢ THYRITE® © VACUUM-MELTED ALLOYS 
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Now, from Cords Limited “Across the Board” 


Appliance Applications of 
NO-KNOT’* COILED CORDS 


You ...and 100 million others . . . already know this convenience. 
Now you can modernize your appliances . . . add extra sales 
appeal with ‘no-Knot’’ Coiled Appliance Cords. CL “‘no-Knot”’ 
Cords give housewives safer, neater work 
areas; are self-storing, too. Add now... no 
need to redesign your appliances. 


HPN (HEATER) TYPE 


Extra-heavy Neoprene jacket. Permanent flexing qualities. Extra 
thick insulation. Cord resists food chemicals, odors and may be 
wiped clean without damage to coil action. Available with min- 
iature UL appliance plug, standard UL appliance plug, or tight 
fitting factory applied eyelets for internally wired appliances. 
New "snug plug” blades hold firmly in outlet. 


TYPE SP 


Available in SP-2 Type for portable food mixers, blenders, TV, 
radio, Hi-Fi, small hand tools and grooming devices. 


TYPE SV 


Ruggedly constructed to reduce probability of cord replacement. 
Applicable to vacuum cleaners and lighter power tools. 


TYPE SJ 


Add another element of safety when applied to heavy power 
tools, radial saws, hand drills and pinspotters. 


DIVISION OF ESSEX WIRE CORPORATION 
DeKalb, Illinois 
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Switching time is 2.9 psec at 2.5H,, and 
Curie temperature is 315 C. Allen- 
Bradley Co., 136 W. Greenfield Ave.. 
Milwaukee 4, Wise. > 486 


MINIATURE SELENIUM 
RECTIFIERS 


Miniature line of completely 
selenium rectifiers, known as the ABC 


potted 


series, is available in a wide range ol 
voltages and currents for use in halt 


wave, full-wave, single or 3-phase rec- 
tifier circuits. Heading the list is type 
ABA, a 130-volt rms, 20 ma_ rectifier 
rated with a resistive or inductive load 
which, because of its tiny size (a ®x-in. 
cube) and its ability to operate off the 
line, is well suited for rechargeable 
battery-operated appliances. Many dif- 
ferent terminal arrangements available 
to suit application needs make these 
units particularly suitable for printed 
wiring boards. Radio Receptor Co., 
Inc., Semiconductor Div., 240 Wythe 


Ave., Brooklyn 11, N. Y. > 487 


POLARIZED RELAY 


Carpenter polarized relays, bi-stable 
Type 51A or center-stable Type 51M. 
are available as components for bridge 
circuits, as null-sensing devices for 
military and aircraft applications, also 
in electronic control, supervisory cir- 
cuit) monitoring, servomechanism— or 
other applications requiring impulse 
repetition. Produces a square-wave 
output from weak input signals, and is 
capable of one million accurate re- 
sponse cycles without readjustment. 
Has no contact bounce, will withstand 


4000 shocks at 40 g, and vibration from 
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10 cps at 0.04 in. to 150 eps at 0.006 in. 
double amplitude. High sensitivity: 1 to 
3 amp-turns for Type 51M; 2 to 5 amp- 
turns for Type 51A. Fast operation: 
0.7 millisec. Available with either a 
12-pin plug base or 12-pin solder-lug 
base. C. P. Clare & Co., 3101 Pratt 
Blvd.. Chicago 45, Il. > 488 


EPOXY-GLASS LAMINATE 


Transparent Textolite industrial lam- 
inate No. 11559, with electro-mechan- 
ical characteristics for computer  cir- 
cuits and military electronic applica- 
tions, is a_ self-extinguishing epoxy 
glass material with 20,000,000 megohms 
insulation resistance at 50 C and 500.- 
000 megohms resistance at 165 C. It 
retains 65 per cent of room temperature 
flexural strength at 150 C. Classified 
NEMA grade G-11, the laminate has 
very high tensile and impact resistance. 
General Electric Co.. Schenectady 5, 


i Re » 489 


LAY-IN WIREWAY AND 
FITTINGS 


Designed to protect electrical wires 
against oil, dust, coolant, or water. 
“Lay-In” oil-tight wireway and fittings 


have the ends of each straight section 


or fitting flanged on 3. sides with a 
neoprene gasket placed between the 
end flanges when pieces are bolted 
together. After wires have been laid 
in, a gasketed sealing plate is serewed 
tightly in place at the top of each 
joint. Covers are gasketed and held 
down on the trough bodies ‘ges 
~ 5G) 


wireway sizes are 2'4 x 2'% in., 4x 4 


and screw clamps. Standard 
in., 6 x 6 in., and 6 x 12 in. Straight 
sections measure from 6 in. to 10 ft. 
The wireway is made of 14-gage steel 
with ll-gage end flanges, standard fin 
ish gray prime coat over phosphatized 
surfaces. Auxiliary fittings include el 
bows, crosses, “T’s”, ete. Hoffman En- 
gineering Corp., Anoka, Minn. »>490 


SERVO ASSEMBLY 


For use by designers of automatic null 
balance systems, this assembly includes 
a 4-pole, 60-cycle servo motor, drive 
coupling, shaft, bearings and gear drive 
assembly, digital counters and one ot 
more balance or output potentiometers. 
Synchro output and/or decimal digi 


Consult 
Your Local 
Essex Product 
, Application 


Engineers 


They can be your 
design assistants on other 


Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN, 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, ill. & 


GENERAL 


PURPOSE 
RELAY 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your "back door" cost. 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, Ind. 
oe 
—— 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, Ind. 
cia ® 


ESSEX 
WIRE 


CORPORATION 
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Avoid costly failures 
with 


CURTISS-WRIGHT 


INSULATION 
TESTERS 


Here’s the most effective way 
to forecast insulation break- 
down when it must pass tests 
up to 5000 volts. 


Curtiss-Wright Insulation Test- 
ers—easy-to-carry and battery- 
less—feature multiple voltage 
testing. This method permits 
the plotting of successive read- 
ings On a resistance vs. test 
voltage curve. Then, as the 
slope of the curve becomes 
steeper, preventive action can 
be taken. 

These safe, virtually wear- 
free instruments are widely 
used in manufacturing opera- 
tions and in repair work too as 
the surest way to locate exist- 
ing insulation weaknesses. 


Write for complete information 
on the full line. 


Eve i] i PMEN EPARTMENT 


ELECTRONICS DIVISION 


Ap 


CORPORATION * CARLSTADT,N.J 
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tizer also provided as optional equip- 
ment. Limit stop mechanism eliminates 
any damage to the balance potenti- 
ometers due to off-scale input signals. 

Assembly includes a black fiber glass 
bezel for panel mounting. Models are 
available with various full-scale range 
of counts and speed. For assemblies 
which include the decimal digitizer, 


| the servo motor can drive the mechani- 


cal counter wheels and digitizer at a 
rate of 2500 counts per sec. Datran 
Electronics, 1836 Rosecrans Ave., Man- 
hattan Beach, Calif. > 491 


VANEAXIAL FAN 


Miniaturization and high performance 
efficiency feature a vaneaxial motor- 
driven fan developed for applications 
in electronic equipment cooling. The 
unit is applicable as a direct cooling 
device or in conjunction with a heat 
exchanger. With an impeller less than 
2 in. in diam, it provides a flow of 46 
cfm under 21% in. water pressure and 
37 watts input, or 75 cfm free flow de- 
livery in a 400-cycle 3-phase version. 
Also available with a single-phase, 400- 
cycle motor or in single-phase and 3- 
phase high-slip motor versions designed 
for improved operational characteristics 
at high altitudes. Garrett Corp., 9851 
Sepulveda Blvd., Los Angeles 45, Calif 
ornia. 492 


| DISK-TYPE SEALED 
| THERMOSTATS 


Designed with sealed construction pri- 
marily for refrigeration and air-condi- 
Klixon 20420 
Series thermostats are also suitable for 


tioning applications, 
other applications in operating range 
of —20 to 4-167 F. All operating parts 
and lead connections are contained 
within a copper cup sealed with epoxy 
resin to exclude moisture, dust, or other 
contamination. The unit is available 


with various configurations for mount- 
ing on tubing or flat surfaces. The 
snap-acting, disk-type thermal element 
provides heavy-duty switching and the 
copper cup assures quick transmittal 
of temperature change to the disk. 

The thermostat can be used as a fan 
switch (contacts close on temperature 
rise) or as a high limit control (con- 
tacts open on _ temperature rise). 
Switching action is either SPST or 
SPDT. 

Ratings for 6000 cycles: 16 amp, full 
load, 120/240 volts a-c; 60 amp, locked 
rotor, 120/240 volts a-c; and pilot duty 
at 125 va, 120/240 volts a-c. Metals & 
Controls Corp., Versailles Products 
Div., Versailles, Ky. > 493 


P-N-P SILICON TRANSISTORS 
Types 2N1131 and 2N1132 are p-n-p 


silicon transistors closely matching 
2N696 and 2N697 types. These closely 
related devices of opposite polarity 


permit circuit designs based on com- 
plementary symmetry, as well as 
special applications by themselves. 
Typical rise time is 80 millimicrosec. 
Dissipation ratings are 2 watts at 25 C 
and 1 watt at 100 C. Fairchild Semi- 
conductor Corporation, Palo Alto. 
Calif. > 494 


SHIELD LINERS 
AND SHIELDS 


Improved type of liner for use in heat- 
dissipating electron tube shields, Ierc 
Therma-flex, contacts a major portion 
of the tube surface, accepts all tube 
diameters, and holds the tube in shock 
and vibration environments. Construct- 
ed to precise dimensions (of beryl- 
lium copper) to provide positive con- 
tact with min diameter tubes and to 
allow use on max diameter tubes with- 
out distortion. 

When used in the lerc NW type tube 
shield with the MIL type “B” base, it 
has good heat-dissipating efficiency and 
has been found most efficient when 
used with the TR type shield, de- 
signed for retrofitting equipment using 
the old JAN type base. Available in 
shields for all standard-size miniature 
tubes as well as some of the larger 

(Continued on page 242) 


ELECTRICAL MANUFACTURING 





a 
7, : 
aooseset O00 60,00! 


0 
me 


0 6n6 0.0 bie 8" 

0 O48. 0.0 010-08 

2066.6. 040000, 
To cadal 


Tibexperience in action 


nee nanas 


YYXTY 


Special mill services through your Superior Tube distributor 


* You may be faced with the need for tubing services that 
only highly competent specialists at the mill can provide. You 
may need small tubing in hard-to-get analyses. Or of special 
shapes, held to very close tolerances. Or with a closely con- 
trolled range of properties. Perhaps it must also undergo 
rigid inspections and tests not normally available from tub- 
ing suppliers. 


Requirements like these call for a tubing specialist. 


CONTACT A SUPERIOR TUBE DISTRIBUTOR 

His broad experience can help you solve many problems. 
But most important of all—he can acquaint you in detail 
with many special services offered by the mill. These include 
statistical quality control, nondestructive tubing inspection 
and testing, pilot and test lot sampling and melting, field 
specialist and specification services—there are many more. 


EQUIPPED TO SERVE YOU 
You will find that your Superior distributor has a modern 
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steel service center equipped to meet all your requirements 
in tubing. He offers you: 

Small tubing in many analyses 

Wide range of sizes 

Tubing of highest quality for any applications 

Diversified stock 

Prompt price quotations and delivery 

Use of his warehouse for your firm’s tubing inventory 


For more information about Superior tubing, write for a free 
copy of Bulletin 40, ‘“‘A Guide to the Selection and Appli- 
cation of Superior Tubing.” Superior Tube Company, 2921 
Germantown Ave., Norristown, Pa. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 
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Push-Button Timer 


Automatic Selection of Complex Cycles 


Advanced design offers extra flexibility and ruggedness at attractive cost. 


Here’s a new electric appliance sales booster with extras! The new 
E.T.C. fully automatic sequence timer relieves the consumer of mental 
gymnastics, programs an entire operation with the push of a button. 
It does more than any other programming equipment . . . straightfor- 
wardly and at a practical cost. It’s the latest engineering achievement from 
the company which pioneered automatic sequence timers for appliances. 


The automatic sequence timer switch is extra flexible: 


e lets you get varied styling designs: the basic timer can be sup- 
plied in different arrangements to match your needs 


broad range of functions provided by 24 push-button selections 


terminal board can be positioned on any of 3 sides of switch... 
to fit your own space and wiring connection requirements 


all switching contacts are mounted on a single panel . . . simpli- 
fies connection of wiring, makes service easy 


standard panel board is used for servicing different models, cuts 
your stock 


What’s more, with the automatic push-button timer switch, you get . . . 


sub-interval switching—readily added through standard snap-action 
switch, easily mounted for cam actuation. 


manual cycle advance—disc on the motor shaft which can protrude 
through front panel. 


cycle indicator—the manual advance disc can be calibrated to indicate 
the position of the cycle. 


4-second programming— quick automatic selection is completed almost 
instantly after push-button is pressed. 


positive stop—program selection finishes at a mechanical stop... no 
danger of getting incorrect cycle which might damage fabrics. 


positive drive—through unique reciprocating drive escapement which 
eliminates problems of insufficient torque. 


The new timer’s uncomplicated, rugged design—with all these extras 
assures long, maintenance-free service. Write us today for consultation 
on the fully automatic sequence timer switch for your appliance line. 


Electronic Timers Co. 


The two versions of the E. T. C. Warsaw, New York 
automatic push-button timer Aine 

shown here are typical of the vision 

various arrangements which 
Smeal aoe a P.R. MALLORY & CO. Inc 


aoe ALLOR 


MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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tubes such as the 6094. International 
Electronic Research Corp., 145 W. 
Magnolia Blvd., Burbank, Calif. ->495 


DIFFERENTIAL PRESSURE 
TRANSMITTER 


Model 70-2900 Compu-Tran zero-set- 
ting differential pressure transmitter 
features 0.2 per cent measurement ac- 
curacy, infinite resolution, and zero 
output pre-set at any point throughout 
the range. This shock-resistant unit is 
suitable for corrosive atmospheres and 
is available in static pressure ranges 
from 0-100 to 0-3000 psi with differen- 
tials up to 100 per cent of range. In- 
puts available are 6.3 or 110 volts a-c, 
and full-scale outputs available are 50 
mv d-c or 5 volts a-c or d-c. Sensing 
element of the unit is a differential 
transformer with a built-in demodula- 
tor for d-c outputs. Differential sensi- 
tivity of one part in 1000 or better 
can be readily obtained. International 


Speaking of service... have Die 401 Nov Boa St Pad 
you heard what PRICE is doing? 


Wherever electronics buyers get together, you 
hear talk about the new service policies of 
Price Electric. Accustomed as they are to complete line of miniature, quick-dis- 
Price quality and design leadership, buyers connect programming connectors has 
find this deluxe service an added reason for | an insert arrangement of fourteen No. 
specifying Price’s Husky Relays. From the 16 contacts. There is a total of 60 
time of the first inquiry until the relays are | plugs, pre-wired and coded for partic- 
delivered, Price’s Sales-Service Department 

expedites every facet of the operation to 

assure complete customer satisfaction. 


COMPUTER-PROGRAMMING 
CONNECTORS 


For special computer applications, a 


Husky Relays are everywhere . . . from the 
satellites to your car radio. Give us a try on 
your next relay requirement. 


SEE THE NEW 1959 LINE 
OF PRICE RELAYS 


Write or Call 


PRICE ELECTRIC CORPORATION 


3 
Frederick, Maryland MOnument 3-5141 Mit acute rR) 
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73 YEARS OF 
ear UATE 
EXPERIENCE... 


Mea ea AyD a 
CADMIUM OXIDE 
Ln tide 


THOMSON 
“710” 


CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 


give you the benefits of: 


1. Uniform Dispersion of Cadmium Oxide throughout 


the silver matrix. 


UNIFORM DISPERSION OF 2 

Capeiliea OXIOE PART! 2. Uniform Electrical Conductivity for all parts and all 
CLE AND UNIFORM 
TRUCTURE are evident | 


this magnified ( cee) 


batches. 


3. Uniform Ductility which provides reproducible 
staking and double heading. 


Complete Data and Test Samples are available on request. 


Electrical Contacts Division 


ww0son . [fn] [MISO|[N] mes: co.. wartnam 54, mass. 


Since 1885 
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10,000,000 PERFECT OPERATIONS: 
reliability... achieved by the 
remarkable A.P.|I. meter-relay 


Suitable for any electrically-measurable variable, the A.P.I. meter-relay 
gives you sensitive monitoring, reliable control, combined in a single com- 
pact unit. It is an essentially simple instrument, yet a highly accurate 
and dependable one. 


HERE'S HOW IT WORKS 


1. Basically, the A.P.I. meter-relay is 
an indicating meter with built-in con- 
tacts. One contact is on the moving 
(signal-indicating) pointer; the other, 
on the adjustable (set-point) pointer. 
The indicating pointer is a free-mov- 
ing element. The meter-relay has the 
high sensitivity inherent in a _ well- 
designed D’Arsonval movement. 


2. At the instant of contact, a lock- 
ing coil, wound integrally with the 
armature coil, supplements the torque 
developed in the meter movement. It 
is this locking coil — exclusively fea- 
tured by A.P.I. that assures posi- 
tive contact every time. It holds the 
contacts together, maintains firm pres- 
sure to provide a good control circuit. 


3. “Making” of the contacts loads the 
flexure spring on the set-point contact 
arm. When the contacts are released, 
they are immediately pushed apart by 
the force of the spring-loaded arm. 
There is no teasing or sticking; the 
break is decisive. Wiping action keeps 
contacting surfaces clean. 


If you need fully-reliable, stable control at a practical cost, you 
ought to have a look at our Catalog 4FE, A copy is yours on request. 


ASSEMBLY PRODUCTS, INC. 
Chesterland 14, Ohio 
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ular circuitry, and 3 standard recep- 
tacles. The various wiring arrange- 
ments in the plugs are indicated by 
code on colored caps. Shell material 
of both plugs and receptacles is alumi- 
num, dielectric is dially] phthalate. The 
30-psi pressurized receptacles incor- 
porate a rubber O-ring and seal. With- 
drawal forces are 5 to 10 Ib, insertion 
15 lb max. Amphenol Connector Div., 
Amphenol-Borg Electronics Corp., 1830 
So. 54th Ave., Chicago 50, Ill. —>497 


PRINTING COUNTERS 


Model U 2715S (illustrated) one of a 
series of shaft-input printing counters, 
is designed to be driven by servo or 
synchro motors. To keep torque at a 
min (under 3 in.-oz), the shaft is 
mounted in ball bearings, with critical 
components of nylon. Counting rate is 
5000 per min max (adding or sub- 
tracting). Max complement of digits 


is 7 if non-resettable, or 6 if reset. 
Printing and reset are accomplished 
electrically. Manual operation also 
available. Printing is aligned to the 
nearest whole number, and is effected 
with print wheels continuously coupled 
to the input shaft. Parallel visual 
wheels mesh to printing wheels to give 
progress indication. Unit can be 
mounted on a base with a box to house 
servo motor and other gear. Overall 
dimensions approx 5 in. wide x 3%4 in. 
high x 714 in. deep. 

Model ZDG III is an electromagnetic 
counter, with its own driving and reset 
coil, terminating in one printing wheel. 
Counting rate is 25 steps per sec, and 
reset time 400 millisee max. For 24 
volts d-c operation, consumption is 
2.6 watts. Pulsed information can be 
entered into all decades simultaneously, 
stepping each one to desired number 
position. Wheels have 12 positions: dot, 
dash, and 1 through 0. A number of 
heads can be wired serially to function 
as a sequential counter with transfer 
from decade to decade electrically. 
Entire printer assembly is designed 
for panel mounting and occupies a 
panel area of 5144 x 8% in. Presin 
Co., 2014 Broadway, Santa Monica, 
Calif. > 498 

(Continued on page 246) 
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STANDARD TYPES 


Switchboard wires, 
hinge cable, bus cable 
(600 Volts). 


Underwriters’ ap- 
proved switchboard 
wires. Recommended 
for switchboards, con- 
trol panels, induction 
heating apparatus, 
hinge and jumper con- 
nections on swinging 
instrument and syn- 


Power, rheostat, apparatus 
cables solid, stranded, 
flexible and extra flexible. 
600 and 300 Volts. 


Recommended for wiring 
in high ambient, dry loca- 
tions as outlined in 
National Electrical Code. 


Power, control, communi- 
cations, lighting and hook- 
up wires. 


Teflon* Coaxial Cables — 
solid and semi-solid. 


Recommended for high 
temperature applications 
in military, commercial 
aircraft and for guided 
missiles ... manufactured 
in accordance with current 
military specifications. 


For details, ask for catalog 
AW55. 


ig aa 


chronizing meter k For details, ask for catalog 
panels, etc. y tae) 56A 


For details ask for 
catalog 10G. 
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Max. Operating Tempera- Max. Operating Ten 
ture 194°F (90°C) la wae Ae 2: 
1. Asbestos, varnished 1. Rockbesto ; 
cambric — Type AVB rubber insulated 
2. Thermoplastic and ance and fixture w 
asbestos — Type TA Max. Operating Tempera 
3. Thermoplastic insul- ure 392°F (200°C) 
ated — Type TBS 2 Rockbesto: 
rubber insulated otor 
lead wire 


Max. Operating Tempera Rockbestos Aircraft Wires 
ae ture 257°F (125°C) AIA; — meet current govern- 
licone 392°F (200°C) AA, A. ment specifications. 
Rockbestos All-Asbestos 
Insulated N.E.C. Type 
A, Al, AA and AIA *Teflon-duPont Reg. TM for 
“tetrafluoroethylene” resin 


KBESTOS 


ROCKBESTOS PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


For Use In: 


Aircraft 
Appliances 
Switchboards 
Electric Motors 
Lighting Fixtures 
Mining Machinery 
Electronic Devices 
Electrical Apparatus 
Railroad Locomotives 


NEW YORK «+ CLEVELAND «+ DETROIT + CHICAGO 
PITTSBURGH «+ ST.LOUIS «+ ATLANTA «+ DALLAS 
SEATTLE «+ LOS ANGELES + BURLINGAME, CALIFORNIA 
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KELLOGG 


) PUSH-BUTTON HANDSET 


SUPERIOR TRANSMISSION... 
HIGH SIGNAL-TO-NOISE RATIO 


Manually operated, normally open 
push-button control... receiver and 
transmitter in one lightweight instru- 
ment...ideal for 2-way radio, dictating 
machines, etc. Uses ring armature... 
5db increase in output over extended 
frequency range. Unique, 
he completely gold-plated car- 
bon chamber with superior 
carbon granules...best trans- 

mission in its class. 


Write for complete 
specifications and details. 


[Hieti00—y_e— 


Kellogg Switchboard and Supply Company, 6650 South 
Cicero Avenue, Chicago 38, Illinois Communications Division 
of international Telephone and Telegraph Corporation 


Circle 242 on page 17 


NOW - 48-56 Gauge Wire Coils 
built to YOUR specifications 


Whatever your application—-from hearing aids to missile sys- 
tems—Deluxe Coils’ new fine wire plant can supply the miniature 


coils you need... 
accuracy. 

Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components. 

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away. 


built to your specifications for precision and 


DELUXE COILS, INC. 
POST OFFICE BOX 318 . WABASH, INDIANA 
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SUBMINIATURE CAPACITORS 


Four series of 50-volt subminiature 
capacitors are metal-enclosed, _her- 
metically sealed designs available in 
tolerances to +1 per cent. Types 626G 


and 627G are of extended foil con- 
struction. To achieve max miniaturiza- 
tion, Types 628G and 629G employ tab 
construction and all are designed for 
operation at 85 C without derating and 
to 125 C with 50 per cent derating. 
All four are sturdy and capable of 
being produced to high reliability 
specification comparable to MIL-C- 
26244 (USAF) and MIL-C-14157. 
Good-All Electric Mfg. Co., Ogallala, 
Nebr. > 499 


HOOK-UP WIRE 

Stranded  Plasticote “Thrif-T-Bond” 
hook-up wire featuring overcoated, 
bonded and tinned conductors is de- 
signed for fine-wire terminations on 
miniaturized electronic equipment 
where tight quarters require the flex- 
ibility of multi-stranded wire but a 
single-conductor hook-up. The over- 
coating process prevents the stranding 
from fraying out, simplifying the labor 
involved in making the terminations. In 
addition, the tinned overcoating acts as 
protection for the strands during 
stripping operations. Rated for applica- 
tions at temperatures of 80, 90 and 105 
C. Chester Cable Corporation, Chester. 


N.Y. >500 


TRANSISTOR HEAT SINK 


Insulated stud-mounted heat sink 1101- 
\ for medium-power transistors can be 
easily attached to convert the transistor 
to a double-ended package. Tightening 
the gland nut provides good thermal 
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Has every form of silver for your electronics applications 


particularly interest you. Your request, by number, will re 


Silver, in many forms and alloys, is a necessity in the elec- 
tronics and electrical industries. To meet this need on a 
high quality level, Handy & Harman manufactures powder, 
flake, paint, paste, sheet, strip, wire, etc., for printed circuits, 
wiring, resistors, condensers, thermistors, contacts, printed 


terminal strips on glass, ceramics, plastic laminates, etc. 


Another “At Your Service” Division of the Handy & Harman 
Silver Supermarket is our Research and Engineering 
Department. Always ready to help you with any problem 
or project you may have involving silver for any application. 
VISIT OUR BOOK DEPARTMENT 

We have five Technical Bulletins giving engineering data 
on the properties and forms of Handy & Harman Silver 


Alloys. We would like you to have any or all of those that 
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ceive prompt attention. 


.. Bulletin A-1 
. Bulletin A-2 
Bulletin A-3 

. .Bulletin A-4 
. Bulletin A-5 


Fine Silver 

Silver-Copper Alloys 
Silver-Magnesium-Nickel 
Silver Conductive Coatings . 
Silver Powder and Flake 


Your No.1 Source of Supply and Authority 
on Precious Metal Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N.Y. 
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FO R Optimum positioning control 
Minimum break-away friction 
AAT eS eset 
Long life without adjustment 


ENGINEERS SPECIFY 


BEAVER precision 
BALL SCREWS 


Beaver Precision ball lead screws 
on all three axes provide the basic 
measuring and actuating elements 
which simplify the design of this 
tape controlled milling machine. 

Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the Electronic 
Control Systems, Inc. ‘“Digimatic” 
control and are typical of those 


now in use on numerically con- 
trolled machine tools of all types. 
If it’s numerically controlled, 


tape or card, it is more than likely 

, equipped with Beaver ball screws. 

Our engineers are available to 

i you for consultation — can we help 

\ you improve the design of your 
z= equipment? 
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Riser 
Drecision 
Droducts 


| INC. 
« CLAWSON, MICH. 
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and mechanical contacts and heat dis- 
sipated in the transistor is conducted 
to the chassis through the 10-32 stud. 
Special hard-coat anodize fiinish pro 
vides over 400 volts breakdown insula- 
tion. Judaro Machine Products, P. O. 
Box 155, Garland, Texas. >501 


PREDETERMINING COUNTER 


Model CV magnetic predetermining 
counter is a tiny device that receives 
d-c pulses from 1 to 899 as manually 
set. Operating as a subtractive counter, 
the remaining pulse count is always 


- 


* 


visible. As the counter wheels pass 
zero count, a set of contacts opens. 
Because of its small size, fast response, 
and reliability over a rugged environ- 
mental range, Model CV lends itself 
to many airborne control applications 
as a limiting device. Size, 14 x 1%6 
x 2 in. (without panel mount case) ; 
weight, 3 oz; voltages, 6, 12, 24, 110. 
Abrams Instrument Corp., 606 E. Shia- 
wassee St., Lansing 1, Mich. >502 


FUSED TEFLON TAPE 


Four grades of skived Teflon tape, 
ST-X, ST-C, ST-1 and ST-2, are made 
by skiving Teflon billets. Feature ex- 
cellent electrical properties, resistance 
to all common chemicals, a low coefh- 
cient of friction and a surface to which 
nothing will stick. Designed primarily 


for high-temperature and high-frequen- 
cy wire and cable insulation, they may 
also be used as stock from which gas- 
kets, seals and miscellaneous small 
parts can be cut. ST-X offers the best 
electrical and physical properties. 
ST-C, similar to ST-X with slightly re- 
duced properties, is available in 9 
colors to meet MIL-STD 104. ST-1 is 
the standard grade from which cement- 
able Teflon is made and meets most 
applications that do not require ex- 

(Continued on page 252) 
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HOW TO SOLVE 
ELECTRICAL DESIGN PROBLEMS 
WITH 


COM eee) aml) 2-4 


Silicone Rubber Insulated Lead Wire Takes The Weak 
is aids Link Out Of Class B Equipment 


2 The weak point in Class B motors, generators and transformers 
is often the lead wire. At little or no extra cost, this potential 
Plastic failure point can be eliminated by silicone rubber insulated lead 
wire, standard for high temperature operation. Silicone rubber 
upgrades the performance and sales features of Class B equip- 
ment, provides a safety margin for overloads. 


Silicone rubber 


Cost economies are possible, too. You can standardize on one 
type of lead wire for both Class B and Class H equipment. 
Equipment can be baked with lead wires already attached, saving 
an extra operation. Check into all the advantages of silicone 
rubber for Class B use: high-temperature resistance, moisture 
resistance, low temperature flexibility, stripping ease and others. 


Samples of lead wire flexed after heat aging. Organic rubber and 
plastic (PVC) insulations aged for 48 hours at 150°C, silicone rubber in- 
sulation aged 14,400 hours at 210°C. 


New RTV Silicone Rubber Cures Without Heat, Does 
Not Shrink, Forms No Voids 

Here is a brand new potting and encapsulating material that 
is easy to apply, cures at room temperatures and has outstand- 
ing heat resistance. Tough and elastic, G.E.’s new RTV room 
temperature vulcanizing compounds are stable up to 600°F, 
have excellent electrical properties. Viscosities vary from very 
pourable to spreadable. Can be applied by dipping, pressure 
gun, pouring or spreading. 

RTV is quickly prepared for use, cures in any time you select 
up to 48 hours. 100% silicone solids (solvent free), it cures 
without shrinking or forming voids. Flows easily into compli- 
cated shapes. Write for technical data. Samples available for 


evaluation—just give us a brief description of your application. Cutaway of RTV encapsulation. Cures without voids, con olso be used for 


molding, filling, sealing, caulking 
New Silicone Varnish Is Easier To Apply, Protects 


Over Wider Temperature Range 


Penetration & wetting} Excellent Good Good SR-155, General Electric’s new silicone varnish, is a Class H 


insulating material which offers superior performance from 
Low temperature 65°C. to over 200°C. It will not craze or crack at sub-zero 
craze resistance Excellent Fair Excellent temperatures, 

, Because it easily handles excessive emergency loads, SR-155 in- 
High temperature creases the reliability of electrical equipment. Since it is suit 
stability Excellent Excellent Excellent able over a wide temperature range this one varnish can take 

the place of two or more, so manufacturing procedures and 
Overcoating Excellent Excellent Fair inventory can be simplified. Its smooth, glossy finish improves 
appearance, SR-155 penetrates deeper than other resins, “wets 


Blister free Excellent Excellent & Excellent out” well and will not bubble. Write for application information. 


Chart compares essential properties of General Electric SR-155 varnish with Section 11K4, Silicone Products Dept., General Electric Co., Waterford, N. Y. 


h | hes. 
ee eee Please send me further data on SILICONE RTV RUBBER | 


[_] SILICONE RUBBER WIRE INSULATION [] SILICONE VARNISH 


Send for more information. | . 
a Title 


Company 


GENERAL @@ ELECTRIC | «=~ 


City__ Zone State 


Silicone Products Department, Waterford, New York | ee | 
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MAKE 


Aluminum windings, with their high- 
strength and high-conductivity 
characteristics, are being installed 
on the rotor of this large generator. 
The high centrifugal stresses im- 
»08ed in rotors of this size have long 
em a major problem for designers 
of heavy adeeatetal equipment. 
Lightweight aluminum has provided 
an ideal answer. 


THESE PRODUCTS 
TAKE ADVANTAGE OF 


ALUMINUM’S LIGHT WEIGHT: 


ey 


OF} 


om 


High-strength castings of Alcoa" 
Aluminum are ideal for service 
where light weight and strength are 
important. Here the handle and 
housing are fabricated as a single 
casting. The result is a strong, good- 
looking, lightweight tool. 


enn 


. 


ALCOA ALUMINUM 


Va 


BECAUSE... 


.. 


Wiring in aircraft electrical sys- 
tems often weighs as much as one- 
third of the total electrical equip- 
ment on board. It’s easy to see that 
aluminum wiring can lift hundreds 
of critical pounds from aircraft 
deadweight. 
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Aluminum weighs only a third as much as an equal 
volume of other common metals. Here’s how you bene- 
fit from this light weight when you design and build 
your products with aluminum: 


Built-in Portability—For products that have to be 
moved from place to place, every ounce of aluminum 
that replaces a heavier material adds a sales advantage 
that lasts throughout the life of the unit. 


Lower Inertia Losses— Moving parts made of light- 
weight aluminum start, stop or change direction with 
less wasted energy. Rotating aluminum parts are sub- 
jected to lower centrifugal forces, and wherever alumi- 
num is used, supporting structures and framing can be 
lighter. 
Easier Installation—Light weight makes aluminum 
easier to handle and install. Workmen accomplish 
—— more, building and assembly costs are lower, and the 
. saving is realized all the way to your customer. 


Lower Shipping Costs—Transportation charges are 
much lower with aluminum. Whether as basic material 
or finished product, aluminum’s light weight saves 
you money. 


Alcoa wants to help you take advantage of aluminum’s 
light weight in the products you design and build. 
There’s an Alcoa sales engineer near you who can offer 
competent advice. Call Alcoa or write to Aluminum 
Company of America, 2130-D Alcoa Building, Pitts- 
burgh 19, Pennsylvania. 


Your Guide to the Best 
in Aluminum Value 


ALUMINUM j For Exciting Drama Watch “Alcoa 


+ Theatre,’ Alternate Mondays, NBC-TV 
and “Alcoa Presents,”’ Every 
Tuesday, ABC-TV 


ALUMINUM COMPANY OF AMERICA 


PHOTO COURTESY OF GENERAL ELECTRIC Cé 


Light, strong, portable television This mobile electric power unit The effective lifting power of elec- 
sets like this depend on aluminum’s uses aluminum inside and out. Alu tromagnets of this type is increased 
rugged strength and inherent light- minum bus efficiently carries the by the use of lightweight aluminum 
ness. Designers recognize that alu- electrical load inside, and alumi- windings. This means that cables 
minum offers just the right combina- num’s light weight, strength and and crane suffer less wear and tear 
tion of good looks and strength for corrosion resistance assure long, care from lifting the dead load of the 
applications like this free service of the van body itself magnet. 
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DO YOU NEED Automation 
FOR FINISHING WIRE LEADS 
WITH TERMINALS ATTACHED? 


new ARTOS 
TA-20-S 
Performs 

4 Operations 
Automatically! 


Artos TA-20-S 
with guord raised 


ad 


. Measures and cuts solid or stranded wire 2” to 250” in length. 
. Strips one or both ends of wire from 1/9” to 1”’. 


. Attaches any prefabricated terminal in strip form to one end of wire. 
(Artos Model CS-9 attaches terminals to BOTH ENDS OF WIRE 


simultaneously.) 


. Marks finished wire leads with code numbers and letters. (Available 
as optional attachment.) 


PRODUCTION SPEEDS up to 3,000 finished pieces per hour. 
Can be operated by unskilled labor. Easily set up and adjusted 
to different lengths of wire and stripping—die units for different 
types of terminals simply and quickly changed. 


ENGINEERING CONSULTATION. . . recommendations without ob- 
ligation. Special adaptations made to fit requirements of your 
product. Machines for all types of wire lead finishing. 


AGENTS 
venousnour THE WRITE for FREE Bulletin No. 655 on Artos TA-20-S 


World Leaders in 
Automatic Machines for Finishing Wire Leads 
AR TOS reverie 
2741 South 28th Street Milwaukee 46, Wisconsin 
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ceptionally high electrical or physical 
properties. 

Supplied on rolls, these four tapes 
range in width from 4 to 12-in. Thick- 
ness range for ST-X, ST-C and ST-1 
is 0.002 to 0.060-in., 0.089-in. and 0.100- 
in. Grade ST-2 is available in thick- 
nesses from 0.003 to 0.060-in. Conti- 
nental-Diamond Fibre Corp., Newark, 
Del. > 503 


MINIATURE WIRE-WOUND 
RESISTOR 


Measuring only 1% in. in diam and 4 
in. in length, Type 1282 micro-minia- 
ture wire-wound resistor unit meets all 
requirements of MIL-R-93B_ except 


physical size. Resistor has axial leads, 
but is also available with radial leads 
and in that form will be known as 
Type 1282-R. Type 1282 exhibits the 
following characteristics: min resis- 
tance, 10 ohms; max resistance, 100 k 
ohms. The following tolerances are 
available: 10 ohms to 100 ohms, 0.5 
per cent; 100 ohms to 10 k ohms, 0.25 
percent; and 10 k ohms to 100 k ohms, 
0.1 per cent. Max voltage is 100 volts. 
Wattage rating is 0.25 watts at 125 C 
derated to zero at 145 C. Daven Co., 
Livingston, N. J. > 504 


HIGH-VOLTAGE VACUUM- 
TRANSFER RELAY 


RB4 transfer relay for exceptionally 
high-voltage applications involving an- 
tenna_ switching, pulse-forming  net- 
works and similar r-f and d-c circuits 
employs a vacuum dielectric and sap- 
phire actuating rods to achieve its small 
physical size. Removable actuating 
coils are available for 26.5 volts d-c 
or 115 volts d-c operation. Rocker con- 
tacts provide heavy contact pressure 


(Continued on page 255) 
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tough tests for incoming material 


finest alloy resistance wire 


THIS IS A 
RESISTOR 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


specially selected ceramic core materials 


rigid, low resistance terminals 


our own VITROHM enamel, first coat... and final coat 


Built-in VITROHM reliability, from core to final vitreous 
enamel, lets you solder these resistors in and forget ’em 


They come in a tremendous variety of 
sizes, shapes and ratings, but all Ward 
Leonard VITROHM resistors have one 
thing in common: They’re built for 
maximum reliability. 

Take just one point —ceramic cores, 
for example: Made by Ward Leonard 
to exacting specs, the cores feature 
low-porosity, high-dielectric-strength 
ceramic for maximum moisture exclu- 
sion and good electrical insulation. 
What’s more, the thermal coefficient 
of linear expansion of ceramic is spe- 
cially selected to make the core com- 
patible with resistance wire, enamel 
and terminals... to prevent cracking, 
crazing, peeling, or layer separation. 
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And there’s thesame meticulous care 
with all the other elements that go to 
make up a finished VITROHM resistor: 
terminals, spot welded or brazed junc- 
tions, resistance wire, and last but not 
least, W/L VITROHM enamel, formu- 
lated and manufactured in our own 
modern enamel smelting plant... pro- 
vides complete electrical and mechani- 
cal protection. 

To insure reliability in your product 
... specify VITROHM’s. Write for data 
packed catalog #15, and list of stock- 
ing Electronic Distributors: Ward 
Leonard Electric Co., 34 South Street, 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada Ltd., Toronto.) o 4 
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LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... E/ectrically 
FR ulo- EE ryircored Contiols Since 1892 


A1O1¢%! Oi 


RELAYS |CONTROLS! DIMMERS 


so 





‘“‘Here’s a boxful 


\e 
THE WATIONAL SCENE 


of cost-cutting, 
product-improving ideas for you”’ 


In versatility, performance and cost, Vulcanized Fibre may help crack your next design problem 


For proof, look at this National product and its almost un 
believable range of uses. To name a few: delicate surgical 
instruments; rail joint insulation for railroads; clothes hampers 
for the home; dense, durable gears and cams; flexible backings 
for abrasive disks; arc chutes for lightning arrestors; motor 
insulation; punched tape for data processing machines; formed 
athletic guard equipment 

Among engineering materials you'll find National Vulcan 
ized Fibre unique and surprisingly economical. It weighs only 
half as much as aluminum. It has unsurpassed arc resistance, 
low thermal conductivity, excellent resilience and high abrasion 
resistance. It absorbs sudden and repeated shock and impact 
without failure. And it is available in a fire resistant grade 

After 100 years, users are still finding new things they can do 
to Vulcanized Fibre. It can be machined, polished, painted, 
embossed, lacquered and combined with other materials, such 
as laminated plastic, aluminum, wood, rubber, asbestos or 


copper. It can even be formed or deep drawn into intricate 


shapes. Available in both standard and special forms and sizes. 

Send for our special kit of samples (shown above)—write on 
your letterhead please—and evaluate the design possibilities 
personally. Let us know what use you have in mind. We'd like 
to help. National Vucanized Fibre Co., Dept. C-4, Wilmington 
99, Delaware. 


1. ‘‘Peerless’’ Electrical In 
sulation. 2. Embossed, viny! 
finish. 3. Corrugated ‘Peer 
less” .010. 4. Fibre and 
“‘Mylar.’’5. Cold embossed 
6. Fibre-Copper, two-sides 
copper. 7. Black Commer- 
cial. 8. Fibre-Laminated 
Plastic, two-sides fibre 
9. Red Commercial. 10. 
Corrugated. 11. Rod. 12. 
Tube. 13. White. 14. Fibre 
Armored Plywood 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHEenoute® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
“TEFLON” or silicone resins. 


Peertess Electrical Insulation: coil, strip, 
corrugated. 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 
Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


VAlley 3-0393 
..TWinbrook 4-3500 
AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland ERieview 1-0240 
Dallas . DAvis 4-4386 
...MAin 3-2077 
UNiversity 3-3632 

om cescee OPhnOm 
...WAlInut 3-6381 
RAymond 3-0291 
BRoadway 6-6995 
LOcust 2-3594 

; Mitchell 2-6090 
carey ta COrtlandt 7-3895 
.. .SHerwood 8-0760 
1-3939 

.. Hillside 5-0900 
PArkview 5-9577 

ae i .5-5505 
DAvenport 6-4667 
MElrose 2-7298 
OLympia 5-6371 


Baltimore 
Boston 
Chicago 


Griffin, Ga... . 
Indianapolis 
Los Angeles 
Milwaukee 
New Haven 
Newark .. 


Philadelphia 
Pittsburgh 
Rochester 

St. Louis . 

St. Petersburg 
San Francisco 
Seattle 
Wilmington 
IN CANADA: 
National Fibre Co. of Canada, Ltd. 

Toronto . LEnnox 2-3303 
Montreal AVenue 8-7536 


NWATIONAL 
7 / VULCANIZED FIBRE CO. 
WILMINGTON 99, DELAWARE 


In Canada 


WATIONAL FIBRE COMPANY OF CANADA, LTD., Torente 3, Ontarie 
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and resistance to vibration and shock. 
This 4PDT relay has a peak test volt- 
age of 25 kv d-c or r-f, and a rated 
operating voltage of 20 kv at 2.5 me 
and 10 kv at 16 me. It has a continu- 
ous current rating of 13 amp rms at 
60 cycles and 8 amp at 16 mc. Contact 
resistance less than 0.01 ohm remains 
low due to absence of contact contami- 
| nation. Jennings Radio Mfg. Corp., 
| San Jose, Calif. >505 





| GEAR-REDUCER 
|, COMBINATION 


Combined gear reducer and gearshift 
drive unit, giving 4 or 8 speeds on the 
output shaft, includes double and 
triple gear-reduction units with motor 


capacities rated from 1 to 10 hp. De- 
signed specifically for applications 
| where more than one speed on the out- 
put shaft is desirable. Four different 
output shaft rpm’s are obtainable by 
lever control, and by using a 2-speed 
motor, eight different output speeds are 
obtained. 

Standard electrical characteristics: 
constant torque; 3 or 2 phase; 60 
cycle; 208, 220/440 or 550 volts. It is 
possible to furnish constant-hp output 


| in all 4 speeds with selection of proper 


gear reducer. Lima Electric Motor Co., 
| Inc., Lima, Ohio. >506 


MINIATURE SPEED CHANGER 


| Miniature adjustable-ratio speed chang- 


er, Series 2, which provides increased 
accuracy, better repeatability and 
longer life than the former Series 3 
model, has a black anodized housing 
(overall length 25 in.) with a longer 
easy-to-read scale. It is supplied with 
| either servo or foot mounts and foot 
| mounts may be rotated 90 deg in either 
| direction. Stainless steel input and out- 








D-C 
POWER 


Precisely Regulated for 
Missile Testing and 
General Use 


SILICON 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 
Write For Bulletin AC-58-A 


CHRISTIE 
ELECTRIC CORP. 


3410 W. 67th Street 
Los Angeles 43, Calif. 


Circle 250 on page 17 





put shafts (%¢6 in. diam) run in double- 


shielded ball bearings. Moving parts are 

lubricated with MIL-G-3278 grease. 
Ratings: max hp output, 0.025; max 
E speed, 10,000 rpm; speed adjustability, 
A NEW ratio continuously variable from 1:5 
up to 5:1 down (25:1 overall range) ; 
torque output, 5 to 40 oz-in., depending 
TENSILE TESTER on ratio setting. Metron Instrument Co.., 
’ 432 Lincoln St., Denver 3, Colo, ~»507 

FOR POTENTIOMETER 

WIRE Servo precision potentiometer 87-M30, 
in % in. diam for aircraft and missile 
applications, will pass applicable re- 
TERMINALS quirements of MIL-R-19A, MIL-E- 


ACCURATE 


eeceert 
attt cag rertTrtet 


© we 8 


_— 5272A, 4 mils. Has resistance range 
PORTABLE from 25 to 50 k ohms. Torque is less 
than 0.10 oz-in. and independent lin- 
earity is +5 per cent above 1 k ohms. 
Except for the shaft end, the unit is 
completely sealed from moisture and 
contamination. Wirewound resistance 
element with a temperature coefficient 
of 0.000020 ohm/ohm/deg C. Maurey 
Instrument Corp., 7924 S. Exchange 
Ave., Chicago 17, Ill. >508 


THE HUNTER MODEL “TT” TERMINAL PULL TESTER 
LIMIT SWITCHES 


ae eos Late Feature of a line of precision limit 
The Ml lester—latest addition to 


; , switches is the unique contact mech- 
Hunter’s growing line of quality control 


anism which provides greatly extended 
electrical and mechanical life as well 
as superior operating characteristics. 


equipment — brings laboratory accuracy to 
production-line testing (+0.5°% of full- 
scale reading). Though you'll find it adapt- These small heavy-duty switches in- 
able to many other tensile tests in ranges corporate a movable contact assembly 
up to 0-500 pounds, its special job is 
checking the secureness of solderless ter- 
minals crimped on wire. Automatically 


opening and closing jaws grip the wire 





sample; a turret-type gage head indexes 
quickly to hold any size terminal; load is 
The Hunter Model “TT” applied at a preset rate by an adjustable 
Tester is ideal for testing air cylinder; and breaking load registers 
wire cable assemblies under and is held on a direct-reading dial until 
MIL-T-7928 (ASG). reset by a touch of the quick-reset tab. 
Over-all speed of testing is up to ten times 
faster than by conventional methods. 
To expedite receipt of Whether you attach terminals in your 
detailed literature on the plant, or are supplied with wire assemblies 
Model "TT", write direct —whether you use it in the plant or the 
to Quality Control De- laboratory —the ‘“TT’’ Tester will help 
partment. you establish useful standards and control 
quality by sample testing. 


HUNTER SPRING COMPANY 


A Division of American Machine and Metals, Inc. 


22 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS + STAMPINGS + QUALITY CONTROL EQUIPMENT 
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100 CPS 
X-Y RECORDING 


with immediate 
readout 


THE NEW SANBORN MODEL 670 
OPTICAL X-Y RECORDER HAS 


he RECORDING never before possible with electro- 

mechanical instruments can now be done with the 
new Sanborn Model 670 X-Y Recorder. Direct writing on 
ultraviolet - sensitive recording paper by a beam deflected by 
optical galvanometers makes possible the combination of fast 
writing speed and 130 cps frequency response not found in any 
other X-Y recorder. Transistor characteristics, acceleration 
and vibration of mechanical parts and events of similar short 
duration can be recorded with linearity of 1% of full-scale and 
at trace speeds as fast as 2500 inches per second. Square wave 
response exhibits no greater than !4% overshoot at any 
amplitude; sensitivities as high as 62.5 uv, inch (depending on 
preamplifier used ). 


PLOTS OCCUPY AN 8” x 8’ RECORDING AREA and can 
be previewed or monitored on the instrument’s phosphorescent 
screen, An Axis Record switch to print X and Y axes on the 
record, and a Beam Intensity Control to assure maximum 
trace clarity, are among the front panel controls provided. An 
8” x 8” sheet of the ultraviolet-sensitive chart paper (stored 
in drawer at base of cabinet) is easily placed on the back of 
the hinged screen. Brief post exposure in normal room light 
is the only developing process. 


OPTIONAL INTERCHANGEABLE PREAMPLIFIERS for 
each axis presently include the Model 850-1300B DC Coupling 
and Model 850-1200 Phase Sensitive Demodulator; a Carrier 
Preamplifier, High Gain Preamplifier and a time base gener- 
ator are now in development. Driver Amplifiers are compact, 
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e 1% linearity 


e frequency response 3 db down at 
130 cps independent of amplitude 


© writing speeds to 2500 in/sec. 
e 8” x 8" direct print paper chart 


@ trace monitoring on 
phosphorescent screen 


fully transistorized plug-in units with single-ended input and 
output. Galvanometers are low resistance, low voltage units 
of rugged, enclosed construction; sensitivity and damping are 
independent of coil temperature. Accessible, unitized circuitry 
also extends to the power supplies—a front -panel plug-in for 
both preamplifiers and a second supply for both driver ampli- 
fiers. A built-in blower provides constant, forced filtered air 
cooling. The Recorder can be rack mounted in 1534” of panel 
space, or housed in its own 20” x 20” x 21144" optional port- 
able cabinet. 


Ask your local Sanborn Sales-Engineering Representative for complete 
information on the Model 670 X-Y Recorder, or write the Industrial 
Division in Waltham, Mass. 


INDUSTRIAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS. 
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Stalwart Announces 


Exclusive new 
processes produce 
cross sections, lengths 
and densities to 

your specifications 


i ell 


Cell sizes range from very coarse to fine 
with open or closed cell-structures. 


rr 


Silicone sponge extrusions con be combined 
with solid silicone rubber extrusions. 


MEP. 
cai 
lll 


Calendered and extruded silicone sponge shapes 
con be covered with heat-resistant fabric. 


Here is important news for de- 
signers in the appliance, aircraft, 
electronics and other industries! 
A unique process developed by 
The Stalwart Rubber Company 
now enables silicone rubber to 
be extruded and sponged in 
complex configurations or cal- 
endered to close tolerances to 
meet customer specifications. 
Here are the facts ... Stalwart 
extrudes silicone sponge parts 
in 1/16 to 8-inch dimensions in 
lengths up to 300 feet. Calen- 
dered sheets are produced in 
widths up to 36 inches. These 
silicone sponge parts resist sun- 
light, ozone, and aging as well 
as temperatures ranging from 

160° to +500°F. Stalwart 
also mass-produces all types of 
precision parts from natural 
and synthetic rubbers. 


Send today for your copy of 
the new Stalwart Catalog. 


Another 
first 


TALWART 


RUBBER COMPANY 
197 NORTHFIELD ROAD ° BEDFORD, OHIO 
PLANTS in BEDFORD, OHIO and JASPER, GEORGIA. 
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utilizing two compressed coil springs 
to provide a quick make-and-break 
action. A leaf spring, carrying the con- 
tacts, assures adequate contact pres- 
sure, eliminates points of zero contact 
pressure and provides a non-teasing 
action. The contact carrier spring af- 
fords sufficient contact wipe to assure 
good electrical contact on low voltage. 
Completely enclosed in a semi-dusttight 
molded phenolic case with an electrical 
rating of 600 volts and made with a 
wide variety of operations — plunger, 
roller and cabinet door types — for use 
in combination with the basic switch 
with individual mounting variation. 
Cutler-Hammer, Inc., 230 No. Twelfth 
St., Milwaukee 1, Wisc. ->509 


| COPPER-SEALING GLASS 


Code 7295 Multiform is a pressed and 
sintered glass which can be directly 
sealed hermetically to copper with an 
expansion-match seal. Multiform glas- 
ses are made from small glass particles 


pressed to shape and then fired at high 
temperatures. The particles are con- 
solidated by fusion into a non-porous, 
vacuum-tight structure; the process 
permits intricate shapes, close toler- 
ances, holes and small radii to be 
formed economically. The parts retain 
the thermal endurance, corrosion resist- 
ance and electric strength of the 
parent glass. 

Copper-sealing Multiform has an 
expansion (154 *& 10°7/deg C) which 
closely matches that of copper. Work- 
ing point is 665 C; softening point, 
465 C; annealing point, 366 C; and 
strain point, 344 C. Log volume resis- 
tivity (in ohm cm) is 6.7 at 250 C, 
5.0 at 350 C. Corning Glass Works, 
Corning, N. Y. >510 


COAXIAL TERMINATIONS 

TA Series coaxial terminations are 
miniaturized low-power loads designed 
to operate from d-c to 10,000 mc fre- 
quency. Intended for airborne and 
other applications requiring compact, 
lightweight components. Resistive-film 
center-conductor is terminated within 
a carefully matched housing. Nom 
power rating (2 watts) can be in- 


| creased by providing an external heat 


sink or forced air cooling. Provided 
with either male or female connectors 


(Continued on page 262) 
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Gold-Plated Switch 


ary Stepping Switch for 
trolled or self-interrupted 
on any d.c. voltage up to 


Standard base-metal contacts with double twin-contact . 
with rectifier for 115 volts a.c. 


design are absolutely dependable in normal switching 
circuits. But in instrument reading and supervisory 
functions, where extremely low power must be handled 
reliably, precious-metal contacting provides: 


@ accuracy at lowest potentials 


@ low and constant contact resistance for the life of 
the switch 


freedom from spurious potentials which can be set 
up by base-metal contacts 


That is why instrument engineers specify gold-plated 
contacts for thermocouple monitoring and other low- 
power-level circuits — strain gauges — computers — and 
infrequently operated devices. 


Precious-metal contacting costs more, of course. But 
with Automatic Electric’s custom designing, it is not as 
expensive as you might think; on either Type 44 or Type 
45 Switches, you can specify precious-metal contacts 
for instrument circuits only, with standard contacts 
handling the less critical circuits. 


i | | 
| i | 

| 
Se ae ea a Se eee eae ae ae | 
| ee j 




















For full information on the use of stepping switches— 
with or without precious-metal contacts—ask for Circu- 
lars 1641 and 1698. Write: Automatic Electric Sales Graph indicates resistances between terminals with gold- 
Corporation, Northlake, Illinois. Jn Canada: Automatic plated contacts. Measurements made under heavy vibration. 
Electric Sales (Canada) Ltd., Toronto. Offices in 


AUTOMATIC ELECTRIC 


Northlake, Illinois * Subsidiary of GENERAL TELEPHONE 
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Design better products with 


GLAST insulation 


... for long, trouble-free service 


Motor and transformer manufacturers are 
standardizing on lead wire insulated with , . . ai ‘ . ° one 
Silastic for Class B and Class H Equipment. Wire insulated with Silastic®, the Dow Corning silicone 


rubber, assures long, trouble-free service for motors and 
other types of electrical equipment. Silastic withstands 
operational conditions that destroy conventional insulating 
materials. Serviceable from -—-90 to 250C, Silastic resists 
os o weathering, ozone, arcing, corona, moisture, and most oils 
+ Temperature range, °C -. —90 to 250C and chemicals. Lead wire, hookup wire, ignition cable, and 
+ Tensile strength, psi 600 to 1500 control and power cable insulated with Silastic are available 
* Elongation, % ----...--. 150 to 450 from leading wire manufacturers. Write for free booklet 


« Insulation resistance, - . . ore 
megohms /1000 ft. -... 1000 to 3000 and list of suppliers. 


Dielectric strength, volts/mil 300 to 500 


Dielectric constant, 10? ; : : ee 
cycles per second, nominal _.... 3.2 you'll specify SILASTIC, 


TYPICAL PROPERTIES OF SILASTIC 


If you consider ALL the properties of a silicone rubber, 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 
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Dow Corning Silicone Dielectrics 


SILICONE -GLASS LAMINATES 
RESIST HEAT, MOISTURE, ARCING 


Laminates made with Dow Corning silicone 
resins and glass cloth have excellent dielec- 
tric properties. They resist heat as high as 
250 C, withstand arcing, have low loss factor. 
Moisture absorption is in the range of 0.02%. 
Lightweight yet strong, silicone laminates 
can be stamped, cut, sawed, sanded... 
minimizing fabrication costs. Available from 
leading laminators. 


DOW CORNING 997 VARNISH... 
RELIABLE AT HIGH TEMPERATURE 


Impregnating electrical assemblies with 
Dow Corning 997 Varnish produces 2 
moisture-resistant insulation system with 
high dielectric strength. It’s the last 
step in completing the insulation systems 
of motors and transformers designed for 
the 180C and 220C Class ... permits 
operating temperatures up to 250C... 
gives equipment maximum protection 
against overloads, many chemicals, cor- 
rosive atmospheres and other hazards. 


SILICONE COMPOUND INSULATES, 
SEALS, SPEEDS PRODUCTION 


A grease-like filling, potting and sealing 
material, Dow Corning 3 Compound stops 
ares, grounds, shorts; excludes dirt, dust, 
moisture; speeds parts assembly. It flows 
into place with gentle pressure ... adheres 
to most surfaces ... is nongumming, non- 
melting and effective from —75 to 200C. 
Free sample on request. 


b 
Wico Electric magneto coi 


For further information on these products, write Dept. 4516 
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STRAITS 
TIN 
REPORT 


New developments in 
the production, mar- 
keting and uses of tin 


Cz 


Tinned sheet steel, available 
up to 22 gage, has the strength of 
steel, and good formability in addi- 
tion. The coating also serves as an 
excellent paint base and doesn’t re- 
quire a primer coat. For these reasons 
it is widely used in the automotive 
industry for air cleaners, oil filters, 
covers, vents and hot-air ducts. 
° 

Modern pewter is nontarnishing 
and nontoxic, contains no lead, and 
does not darken or lose its surface 
finish. It contains 93% tin, 6% anti- 
mony, and 1% copper. Surface fin- 
ish ranges from a bright, high polish 
to a subdued satin texture. It can be 
cleaned with soap and water. Frequent 
polishing is not necessary. 


De-icing problem? Perhaps 
this is the answer. Years ago a trans- 
parent electroconductive coating, con- 
taining tin, was developed for aircraft. 
The thin tin-oxide film is applied to 
glass. A low current passing through 
the coating generates sufficient heat to 
de-ice the glass, now standard equip- 
ment on most commercial and mili- 
tary planes. 


Phosphor bronze, a tin-cop- 
per alloy containing up to 10% tin is 
used in over 30 different aircraft ap- 
plications. Typical uses are for bush- 
ings, bearings, springs, valves, contacts, 
thermostats and switches. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 14D, 1028 Connecticut Ave., Washington 6, D.C 
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of type N, BNC, or TNC. Impedance 
is 50 ohms and the input vswr over the 
entire frequency range is 1.1 max. 
Microlab, 71 Okner Parkway, Livings- 
ton, N. J. >511 


TELEPHONE-TYPE RELAY 


Increased stability of adjustment is 
achieved in the small general-purpose 
Class 22 telephone-type relay through 
improved hinge design. It has a heavy- 
duty full-yoke type armature hinge 
with large bearing surfaces and pre- 
cision-fitted stainless steel hinge pin. 
Available with contact combinations 


to 8PDT for operation from d-c volt- 
ages to 230; to 4PDT for operation 
from a-c voltages to 440; and to 8PDT 
with full-wave rectification from 25, 50, 
60 and 400 cycles a-c. Nom d-c power 
requirements, 3.0 watts; max, for con- 
tinuous duty, 5.0 watts. Nom require- 
ments, 5 volt-amp. Wide selection of 
contacts available ranging from bi- 
furcated gold alloy for low level (dry) 
signal circuits to 15-amp heavy-duty 
contacts. Magnecraft Electric Co., 335 
W. Grand Ave., Chicago 51, Ill. 512 


FIBROUS SILICONE RUBBER 


Cohrlastic FSR, a unique form of sili- 
cone rubber somewhat resembling 
sponge and foam in properties, is a mat 
of silicone-rubber fibers in random 
orientation for high tensile and tear 
strength. 

Features high permeability, density 
in the range of 20 lb/cu ft, good com- 
pression-deflection characteristics, and 
usable temperature range from —65 to 
+500 F. Available from pilot plant 
equipment in sheets 14 in. thick, 9 in. 
wide and 6 ft long. As applications are 
developed it will also be made in con- 
tinuous lengths, larger widths and vari- 








FIREROD 


CARTRIDGE 
a 
BY 


WATLO 


HOTTEST! 


5 times more heat 
than any standard 
cartridge heating 
unit. 


operating life of 
ordinary units. 


+4 


GREATEST 
DESIGN 
FLEXIBILITY ! 


1/5 the size for the 
same heat of stand- 


ard cartridges. 


WRITE for 


illustrated literature. 


TRE 


iWATLOW 


ELECTRIC MFG. CO. 
1362 Ferguson Avenue 
St. Louis 14, Missouri 
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DEMAGNETIZING FORCE-H-OERSTEDS 


tNOUCTION-B-KILOGAUSS 


TYPICAL CURVE PLASTIFORM 1 


1. GOOD MAGNETIC PROPERTIES 2. MACHINABILITY 3. ADAPTABILITY 
4. HIGH IMPACT STRENGTH: 5. LOW COST 6. NON-CONDUCTIVE 


Leyman Plastiform 1 is a new material which possesses excellent magnetic qualities, 
comparable to those demonstrated by sintered isotropic barium ferrite, yet which 
may readily be cut by edge tools. While other magnetic materials have possessed 
either of these features individually, this to our knowledge is the first material 
displaying both. 


@ AVAILABLE IN THE SIZE AND FORM YOU DESIRE 


This new substance can be supplied to you in virtually any form or in standard 
stock sizes. Because of its machinability, permanent magnets can be produced 
without casting or grinding in shapes which were unknown with conventional mate- 
rials. Plastiform 1 has a high impact strength and does not chip in use. Further, 
its relatively low specific gravity is of particular advantage where a lightweight 
magnet is required. 


& ANISOTROPIC - - BUT PRICED COMPETITIVELY WITH ISOTROPIC MATERIALS 


Plastiform 1 is an anisotropic, rather than isotropic, material and correspondingly 
displays the superior magnetic characteristics available only with anisotropic mate- 
rials. However, because of the invention and development of a new method of 
manufacture, for which a United States Patent is now pending, large practical 
economies in production have been effected. Consequently Plastiform 1 can be 
offered at prices competitive with those at which ordinary isotropic materials 
are sold. 


For further information write to: Leyman Corporation, Magnetics Division. 


eee @ product of 


LEYMAN CORPORATION - Magnetics Division 
5178 Crookshank Road, Cincinnati 38, Ohio 
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FURNAS ELECTRIC 
MANUAL STARTER 


2-3-4 Poles 


Sizes 0 and 1; 712 HP, 
AC—2 HP, DC 


Compact & Simplified 
Visible Contacts 


Pressure Terminals for 
Quick Wiring 


Positive Snap Action 


Trip-Free Thermal 
Overload Protection 


Srelusive "FURNAS FIRST” features 


™ SUPERIOR ELECTRO-MECHANICAL LIFE— 


Only two moving parts—floating toggle and spring replace complex linkages. 
Unitized frame and arc box, silver-cadmium oxide contacts. 


™ DIRECT-ACTING THERMAL OVERLOAD— 


Trip-free melting alloy type assures reliable motor protection, opens contacts 
independent of toggle. Second overload unit snaps into place on single- 
phase starters. 


™ “JOG-RUN” SERVICE ACCESSORY— 
First manual starter with a Jog-Run accessory, for fast, easy positioning. 


General Purpose Woater-Tight Flush Type 


Write today for Bulletin 11-Bl, 1024 McKee St., Batavia, Illinois 56 


ted FURNAS ELECTRIC COMPANY 


\FURNAS BATAVIA, ILLINOIS 
» | 4 SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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ous thicknesses. Connecticut Hard Rub- 
ber Co., 407 East St., New Haven 9, 
Conn. >513 


POWER RESISTORS 


Light weight and small space require- 
ments of these power resistor units in 
5 power ratings (40, 80, 120, 160 and 
200 watts) make possible substantial 


weight savings in aircraft and missile 
electronic They are de- 
signed to be mounted in direct contact 
with the inner surface of the chassis 


apparatus, 


or case for cooling. 

Electrical insulation is silicone rub- 
ber, operable continuously at 450 F. 
Mounting metal is Alclad aluminum. 
Special washers for mounting with bolts 
or rivets and an adhesive which pro- 
vides good heat transfer are supplied. 
Connection tabs are silver-plated brass. 
Electro-Flex Heat, Inc., 83 Woodbine 
St., Hartford 6, Conn. >514 


POWER-AMPLIFIER TUBES 
General-purpose power amplifier in 4 
versions of beam-power pentode (6-, 
12-, 25- and 50EH5), of compact 7-pin 
miniature design, offers high power sen- 
sitivity at extremely low plate and 
screen-supply voltages. For example, a 
peak audio-frequency input voltage of 
3 volts provides 1.4 watts output with 
supply voltages of only 110 volts, plate, 
and 115 volts, screen. 

Heater currents of the 4 types are 
1.2 amp, 600 ma, 300 ma and 150 ma, 
respectively. The 600 ma version is 
heater warm-up controlled for series 
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"Engineered / wire for engineered products 
supported / by complete factory stocks 


7 


Magnet Wire 


105C (Class A), oleoresinous, P.E.—BELDENAMEL*. Most uniform 
diameters of any film-coated wire (except Celenamel). 


180C -130C-105C (Classes H, B, A) SQUARES and RECTANGULARS. 


Extremely close dimensional tolerances—no ‘‘space"’ problems. 


105C (Class A), solderable Cellulose acetate—CELENAMEL*. 
Most uniform diameters from spool to spool of any film- 
coated wire. 


105C (Class A), Vinyl Acetal—Nylon, NYLCLAD*. The toughest 
film coating of all. 


130C -155C (Class B-F), Polyester—BELDTHERM*. High thermal 
stability, AIEE #57—-155C rating. 


105C (Class A), solderable Polyurethane—BELDSOL*. Solderable, 
eliminates costly stripping operations. 


* Belden Trademark — Reg. U. S. Pat. Off 


Lead Wire 


Widest range of UL and CSA voltage and temperature ratings. 
Rubber— Neoprene— Silicone—Plastic—Asbestos— insulations with 
and without textile braid—complete factory stocks. 


Engineered wires, tight quality control, assure over-all low-cost 
assembly in your plant—long trouble-free performance in service. 


One Wire Source for A Belden 


Everything Electrical & Electronic 


tam 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


ra 


Magnet Wire « Lead Wire + Power Supply Cords, 
Cord Sets and Portable Cord « Aircraft Wires 
Electrical Household Cords * Electronic Wires 


Welding Cable * Automotive Wire and Cable 
1-3A01H8 
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strings. CBS-Hytron Div., Columbia 
Broadcasting System, Inc., Newbury- 
port, Mass. >515 


SUBMINIATURE 
TRANSFORMERS 


Weecoil H. F. line of subminiature 
transformers consists of a single-tuned 
i-f and an oscillator coil for transistor- 
ized printed circuit use in frequencies 


from 1 me to above 10.7 mc. Overall 
height is 4% in. Base dimensions 0.550 
x 0.550 in. Both top and bottom tuning 
are possible. 

Units will withstand high vibration 
and shock tests, and a humidity test of 
500 hr at 120 F, 95 per cent R. H. 
Suitable for use between —40 and +185 
F. Fully encapsulated units are avail- 
able for military applications and Q’s 


- ~ por fo 
in solenoids! [i do PP of up to 100 are possible in shickded 
. (A )). versions. Wells Electronics Co., Div. 
noaatl of Wells Mfg. Co. Inc., 1701 So. Main 
ane cin: St., South Bend 23, Ind. >516 
Many years Aco somebody at Sylvania cussed at the | ~ ne RE 
crudities of conventional coils in traveling wave and ; 
klystron circuits. He started something . . . he actually _— SENSITIVE INDICATORS 
pioneered the whole modern concept of force-cooled, = ? 
foil-wound, low-weight solenoids for high-density 
magnetic fields. And these foil- and Mylar-wound 
solenoids are machinable any which way. 


Eeco line of Minisig sensitive indica- 
tors, incorporating built-in high-sensi- 
tivity transistorized driver circuits to 
operate directly from low-level signals, 
Through the years, the data, the experience, the “te F has been expanded to include four new 
facilities (and the customers) have piled up. We blush Bex types as well as miniature and sub- 
to say it, but people who compete fiercely with us in : miniature designs. 
other respects buy Sylvania solenoids in droves for ‘ Typical filament-type, Model R-441, 
their own production lines! / is a high-gain indicator employing a 
Sylvania has always worked harmoniously with tube sf; $ low-voltage plug-in incandescent lamp 
manufacturers, who find that there’s a real advantage in A operating on 11.0 volts. High-tempera- 
using Sylvania solenoids under their own brand names. , ture types, Models R-561 and R-661, 
And we can’t see how quality control on coils can be . incorporate silicon transistor circuits 
carried much further than we practice it here. Fawr” GE" for operation between —55 and +100 
A lot of our solenoid work is hush-hush and super h-h., C. Memory Light, Model R-901, em- 
which should be assurance enough for systems designers eee bl ploys a Raytheon CK-1050 lamp. 
who need extra-special coils for under-wraps projects. 2 Plug-in Model R-1004 has encapsulated 
\ plug-in insert. Also available are 


= . ** . 
And how we welcome inquiries from you a. : : : s 
miniaturized versions, which require 


engineers in experimental work. We honestly 
believe that no group in America has quite the 
know-how and facilities on wafer coils that we 
have here. Let one of our field engineers tell 

you more about Sylvania solenoids. Write today. 


SYLVANIA ¥ 


LIGHTING PRODUCTS 
@ division of SYLVANIA ELECTRIC PRODUCTS INC., IPSWICH, MASSACHUSETTS 


Leader in Wafer Coi/ Manufacture 
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1N2175 SILICON ae 
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SWITCHES FROM 
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DARK TO LIGHT CURRENT 
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Tl 1N2175 subminiature Now you can get quadrupled sensitivity and 
unit is ideal for unprecedented design flexibility with the new 

subminiature TI 1N2175 Photo-Device. 
punch-card or tape 


data processing, and Easily activated, the 1N2175 switches from a 
many other control systems low dark current of only 0.5 a to a high light 
current of 1200 a at 1200 ft-candles — within 
2 wsecs. Rated at 250 mw at 25°C, the 1N2175 
operates over a range of 1-50 volts, and derates 
linearly to 125°C. Minimum operating temper- 
ature is—55°C. 


PHOTOCURRENT CHARACTERISTICS AT 25°C 
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St 
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Specify the TI 1N2175 today and get immediate 
off-the-shelf delivery in 1-999 quantities from all 

_samianiaentes authorized TI distributors and production quan- 
tities through TI sales offices. 


i TEXAS INSTRUMENTS 
[P INCORPORATED 


® POST OFFICE BOX 312 . 13500 N. CENTRAL EXPRESSWAY 
DALLAS, TEXAS 


from THE WORLD'S LARGEST SEMICONDUCTOR PLANT 
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Wherever you use either— 
or both—Class A and Class B sleeving 
and tubing, Varflo will save you 
money . . . by filling the require- 
ments of both classes at the cost of 
Class A insulation! 


VINYL 
COATED 
sleeve of 
woven 


FIBERGLAS 
gives more 


than 
adequate 
insulation to 


Varflo vinyl-coated Fiberglas 
Sleeving and Tubing with its superior 
qualities of flexibility and greater 


eeee.. 


dielectric strength under all conditions 
make it ideal for both Class A and 
Class B installations. 


YOUR WIRE 
under 
extreme 


conditions — 
that's 


\ Varflo 


@ FLEXIBLE It can be bent or even tied in 
knots without cracking or crazing. 


@ RESISTANT to water, alkalis, mild acids, 
oils and greases. 


@ TOUGH and stands up under vibration. 
ideal for “After Treatment” operations. 


@ LONGER LASTING at high temperatures. 
Withstands hundreds of hours at 300° F. 
Good shelf life, too. 


@ MORE STABLE, retains dielectric value 
when pulled back during soldering. 


@ AVAILABLE IN 3 NEMA GRADES, 
B-A-1, B-B-1, and B-C-2 in 10 colors, in 
coils, 36” lengths or short pieces. 


Varflo enlarged 
for details 


for 
| complete line of samples and 
/ recommended uses. 


CORPORATION 


\ Makers of 
\ 


\ Electrical Insulating 


Tubing and Sleev: 
"§ /eeeeeeeeceecececesecs 


VARFLEX CORPORATION 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing description and test samples of Varflo Sleeving 
and Tubing. 


Name — 
I ci cleacttinintianiinianicnsiiiaiilats 


Street_ — 





Se State... 
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only 14% x ¥% in. diam overall behind 
panel, mount in %% in. hole. Engineered 
Electronics Co., 506 E. First St., Santa 
Ana, Calif. >517 


SUBMINIATURE 
POTENTIOMETER 


Linearity to +0.1 per cent of full scale 
in a potentiometer which weighs only 
52 oz and is only 0.875 in. diam are 
figures that describe Model 875 pre- 


cision potentiometer featuring desirable 
performance characteristics usually as- 
sociated with larger units. This instru- 
ment offers a resolution as high as 0.06 
per cent. Resistance ranges from 200 
ohms through 100,000 ohms per section 
are available. The unit is wire-wound, 
has servo mount, and up to four sec- 
tions can be ganged on a common 
shaft. A sine-cosine version is also 
available. G. M. Giannini & Co., 918 
E. Green St., Pasadena 1, Calif. 518 


SENSITIVE RELAY 

Available in Series 100 types, the sen- 
sitivity of a small dust-proof sensitive 
relay may be as low as 2 mw per con- 
tact in contact combinations from 
SPST to DPDT. Standard enclosure is 
an aluminum protective dust cover 
available as either removable bayonet 
or crimped to the base. A wipe action 
on the contacts is utilized and relay 
can be adjusted with pick-up and drop- 
out ratios as high as 85 per cent or as 
low as 10 per cent. Standard coil re- 
sistances up to 30,000 ohms. Contact 
capacity ranges from 3 to 5 amp re- 
sistive, depending on sensitivity. Stand- 


ne atteeenenemnencemnenell 
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FOR COMPLETE SATISFACTION AND SAFETY 


Explosion-proof electrical equipment is more important 
today than ever before. Manufacturers of material han- 
dling equipment are adding explosion-proof switches 
and connectors to be used in hazardous areas. And, an 
ever increasing number of industrial plants are almost 
entirely equipped with explosion-proof electrical equip- 
ment, Appleton’s full line of explosion-proof electrical 
equipment is the result of extensive laboratory develop- 
ment and field tests, with your individual safety require- 
ments in mind. Proven acceptance and use by leading 


companies the world over is your assurance that 
APPLETON is... 


Mae MN ILE TS": «3s TODAY, MORE THAN EVER... 


The Standard for Better Wiring” 


Malleable Iron 
Also Manufacturers of yftalieadie iron 
9 Cod if’ ) 


Industrial Lighting “ST” Series 


Connectors Automatic Reelites 


APPLETON ELECTRIC 
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ard bases are either plug-in, solder 
lug or variations with contacts avail- 
able in either silver, silver palladium 
alloy, palladium or gold alloy. Mag- 
netic components are hydrogen an- 
nealed to eliminate aging and residual 
magnetism. General Automatic Corp., 


12 Carlton Avenue, Mountain View, 
m2. ->519 


WATERTIGHT 
POTENTIOMETER 


APW 1% in. watertight precision poten- 
tiometer has a_ glass-to-metal solder- 
sealed header, including terminal lugs 
installed with a _ glass-to-metal seal, 
positioned for easy wiring. Brass case 


plated in conformance with military 
requirements. Sealed against moisture 
and salt spray by means of an O-ring 
shaft seal; terminal board is solder- 
sealed to the case. Has high tempera- 
ture operating characteristics with de- 
rating to zero watts at 125 C. Special 
construction for 150 C operation also 
available. Available with mechanical 
rotation stops, special winding angles, 
Sp PE resistance values to 100 k ohms and 
ave ' , tighter linearity tolerances. Waters 


New, rugged power relay assures long-life and trouble-free operation at lowest cost. Single coil construction a acturing, Incorporated, bia 


employs box-type magnetic field. Movable contact springs, mounted on molded phenolic insulating bars 
provide positive contact alignment. 4” diameter contaets available in silver or silver cadmium oxide, rated 
singly at 10 to 25 amperes, 110 volts A.C., non-inductive. Available contact forms 1C to 5C. Construction 
permits maximum contact pressures 35 grams each. D.C. relays incorporate use of high quality iron an- 
nealed for maximum efficiency. A.C. relays have silicon iron parts with copper shading washers. Coil and 


“B’ BATTERY REPLACEMENTS 
Line of Powertran semiconductor 
devices, intended to replace “B” bat- 
teries, operate from a-c line voltage 
contact terminals are located at one end. Write for complete details. | to give a source of regulated, ripple- 

Write for new free Comar catalog 


COMAR 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 





RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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When buying aluminum 


for your product. 4 


Dictation equipment 


...It pays to check with 
ANACONDA ALUMINUM 


Lamp bases 


That’s because Anaconda Aluminum combines the two features labeled ‘‘most wanted” by 
aluminum buyers in selecting a source of supply. 

First: Anaconda Aluminum craftsmen will custom-produce your order, constantly checking 
and double-checking it to be sure your specifications are met precisely. We produce a full range 
of aluminum in all forms — pig and ingot, coiled and flat sheet, rod, bar, structurals, tubular 
and other extruded shapes. 

Second: You'll like the way Anaconda Aluminum’s flexible operations will schedule your order 
fast, and ship it on time. This flexibility is designed into Anaconda Aluminum’s new facilities for 
this one reason—to give you the service you want! 

Talk over your next aluminum order with your local Anaconda 
Aluminum representative ...or write our General Offices, Dept. E-4, 

Louisville 1, Kentucky. 


Every industry has one member 
who specializes in customer satisfaction 


ANACONDA ALUMINUM COMPANY «© GENERAL OFFICES, LOUISVILLE, KENTUCKY 
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KESTER 


The highest standards of manu- 
facture and use of virgin metals 
exclusively have contributed to the 
virtually single-minded insistence 


—=— 


M0 


Sinem 


SOLDER 


by industry on KESTER SOLDER. This 
acceptance has been carefully built 
up over the last 60 years. It’s a 
responsibility we don’t take lightly. 


WRITE today for complete 78-page Kester technical manual 
“SOLDER . . . Its Fundamentals and Usage.” 


KESTER SOLDER COMPANY 


4209 Wrightwood Ave., Chicago 39, Illinois « Newark 5, New Jersey « Brantford, Canada 
OVER GO YEARS’ EXPERIENCE IN SOLDER AND FLUX MANUFACTURING 


free, ungrounded d-c voltage. A typical 
unit 3 x 2% x 3e in. can supply 45, 
671% and 90 volts, each voltage regu- 
lated to supply a min of 40 ma to a 
load. Nine stock units available for 
voltages from 71% to 90 volts encased 
and encapsulated; internal heat sinks 
cool semiconductor elements. Ferro- 
tran Electronics Co., Inc., 693 Broad- 
way, New York 12, N. Y. >521 


FLUORESCENT FIXTURE FUSE 


Combination fuse Type GLR and fuse- 
holder Type HLR for the protection 
of fluorescent fixtures and other equip- 
ment operating on circuits of 300 volts 


or less is small and compact and is 
designed for easy and simple replace- 
ment of fuses; a bayonet-type knob 
locks the fuse in holder. Overall length 
of holder with fuse is approx 2%¢6 in. 

Approved by UL for 300-volt circuits. 
Bussmann Mfg. Div., McGraw-Edison 
Co., University at Jefferson, St. Louis 
a Mo. “Pee 
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“ A dependable source .. 


STANDARD ENGINEERING 
SPRINGS 


Standardization of precision helical 
springs with benefits to spring users has 
been achieved in a line of engineered 
compression and extension springs for a 


for Porcelain, Steatite, 
Refractory and Filter parts 


... that’s the Wisconsin 
Porcelain Co.” 


Over 32 years of uninterrupted 
plant operation has established our 
reputation for dependable service and 
‘kept’ delivery promises. 


When you need ceramic parts of 
great accuracy and toughness — 
turn to Wisconsin Porcelain Co. 
The line includes: 


PORCELAIN — Pieces are of consistent 
high quality — furnished with 
very white finish, or glazed in 
various colors. 


STEATITE — Meets your needs where 
low electrical loss, ability to 
withstand electrical shock or low 
water absorption are require- 
ments, 


REFRACTORY — Especially suited to 


applications where gree temper- 
ature variation is a factor. 


FULTER — Designed to accurately 
filter and control flow of liquids. 


TELL US YOUR REQUIREMENTS — Our 
ceramic engineers will work with 
you in selecting or designing the 
part best suited to your applica- 
tion. 


Serving the Electrical and Electroni¢ 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
122 Lincoln St. 
Sun Prairie, Wisconsin 
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large number of sizes and load capa- 
cities in a series called Select-A-Springs 
which can be ordered by catalog 
number. 

There are about 500 separate sizes 
of compression and extension springs 
in the system. Compression springs 
have squared and ground ends, and 
extension springs have regular loops. 
All sizes are available in either music 
wire or stainless-steel wire, certified to 
military and aircraft specifications. 
Compression spring sizes range from 14 
to 11% in. long, and 1 to 34 in. OD. 
with approx load ratings from 1 to 20 
lb. Extension spring sizes are from 1 
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Maxitora 


ELECTRIC CLUTCHES or 


Featuring these 


Cdoaniage: 


© Compact and Simple Design 
Built to American Standards 
Stationary Coil 

No Slip Rings or Brushes 
Self-Adjusting—Easily Installed 
Drag-free Floating Neutral 

No Stressed Levers or Parts 
Use as Brake or Clutch 


Standard Flange Cups Available 


BRAKES 


*Patent applied for. 


OPERATION INDUCED ENTIRELY BY Mbaguilir Paw 


The new Maxitorq #9000 Series Electric Clutch is a compact, 
self-contained unit with operation dependent upon induced 
magnetic flux. As shown in the drawing below, this new 
Maxitorq Clutch consists essentially of a sealed magnetic 


Path of magnetic flux 
is indicated by arrows. 


APRIL 1959 


coil and housing arrangement actuating multiple discs which 
also act as the flux path. Because the coil housing, supported 
on anti-friction bearings, is stationary, troublesome brush 
and slip ring construction is eliminated. When energized, the 
entire assembly consisting of pressure plate, inner and outer 
discs, and buttress plate is locked together by the magnetic 
force passing through it. When de-energized, Maxitorq 
separator springs instantly separate the discs creating air 
gaps which help to break up residual magnetism. Com- 
pactness, fast response, and flexibility of control make the 
#9000 Series clutch or brake ideally suited for a wide range 
of applications. 


Write, phone, or wire Dept. EM-4 now for Bulletin 90 des- 
cribing the most advanced design of electric clutches or 
brakes available today. 


Azan 
ryt 
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to 5 in. long, and ¥% to % in. OD, with 


COMPACT, 3-OUNCE TIME DELAY RELAY 


w ith Ss i ! ico ne-co ntro l { e d Associated Spring Corporation, Bristol, 


sonn. ->523 
delay from 1/4 to 120 seconds mie 
SERVO MOTORS 


Size 10 (illustrated) and 11 servo 
motors are available for 26, 55 or 115 
volt a-c, 400-cycle operation. These 
6-pole units have a stall torque of 0.6 
oz-in. min and a no-load speed of 


a! 


6500 rpm. The acceleration at stall is 
42,000  radians/sec*. Designed to 
operate in ambient temperatures from 
—65 to +125 C; are 1%» in. in length. 
Also available in integral gearhead 
units in a wide range of ratios with 
reductions up to 8000:1. The geared 
servo motors measure 2'%4 in. in 
length. Western Gear Corp., Electro 
Products Div., 132 W. Colorado St., 
Pasadena, Calif. >524 


WIRE-WOUND RESISTOR 


Dalohm RSH-2B wire-wound precision 

a resistor is hermetically sealed in a 

Worth a closer look... the Heinemann Type A Silic-O- non-hygroscopic ceramic envelope. 
Netic Relay. Despite its small overall size, the relay offers Power ratings range from 0.75 watts 


many big performance features. to 1.5 watts, depending on stability 

level required, with four such levels 
For example, double-pole, double-throw switching . . . at available: 1, 0.5, 0.25 and 0.1 per cent, 
fast snap-action contact speed. respectively. Power ratings are 100 
per cent of power at 25 C, derating to 
0 between 100 and 130 C, depending 





The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. on power and stability levels desired. 
Resistance range is from 1 ohm to 4200 
ohms. Available in +0.05, +0.1, +0.25, 
-+0.5, +1 and +3 per cent tolerances. 
has proven itself in countless applications; it will give you Temperature coefficient is 0.00002/deg 
reliable service over a long, long operational life. C. With axial lead terminals specially 


And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 


BRIEF SPECS 
Time Delays: from 1/4 to 120 


seconds 
For full details, refer to Bul- 
letin T-5002. A copy will be 
sent on request. 


Overall Dimensions: 2-1/16 
2" x 1-9/16 


Contact Capacity: 3 amps at 
120V AC, 1.5 amps at 240V AC 
inductive load), 1 amp at 


/ DC, 0.5 amp at 125V DC 


HEINEMANN 
. ELECTRIC COMPANY 


99 Plum St., Trenton 2, N. J, 6.A. 1678 
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Another Tinnerman Original... 


Cost-cutting Tubular SPEED CLIP’ 
takes positive “bite” to hold assemblies tight! 


In seconds, you can front-mount trim, name plates, other SPEED Nut brand fasteners. Then call your 
grilles, knobs, insulation, with Tubular SpreEp Tinnerman representative for samples and addi- 
Cups. And at interesting savings in assembly time tional information. If he isn’t listed under 
and costs! “Fasteners” in your Yellow Pages, write to: 


Snap these quality spring-steel fasteners into TINNERMAN PRODUCTS, INC. 
holes in metal, plastic or wood. Then press the Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 
mounting studs, nails or rivets into the clips to 
complete the attachments...anywhere along your 
assembly line. 7 N N E fe M A N 

As the SPEED C IP is inserted, spring fingers 
compress, then expand behind the panel to lock 
tight. The rolled-in end permits easy entrance, but 
bites hard into the stud to prevent back-off or 
vibration-loosening. 

Tubular SPEED CuIps are available for a full 
range of stud sizes and panel thicknesses. Perma- 
nent lock or removable types. 

Check your Sweet’s Product Design File (Sec- VASISST THINS 1 PASTEMINGS® 
tion 8/Ti) for data on Tubular Sprep Cups and — 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano Bundy Gmbl, Heidelberg. 
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treated to facilitate soldering, resistor 
RSH-2B can be either lead or clip 
mounted. Dale Products, Inc., Colum- 


bus, Nebr. >525 


VARIABLE TRANSFORMER 


Type T502U Adjust-A-Volt heavy-duty 
model panel-mounted variable trans- 
former has a load rating of 7.5 kva, is 


rated at 25 amp and is interchangeable 


with other square-base units. Brush as- 
sembly consists of six independently re- 
placeable brushes. Input voltage is 230, 
output voltage 0-270. Features include 
threaded steel insert mounting holes in 
aluminum bases, Terminal board is 
mounted with lock nuts on an alumi- 
num bracket and snap-on captive rotor 
wives accessibility for easy inspection. 
Standard Electrical Products Co., 2240 
E. Third St., Dayton, Ohio. >526 


REACTION-TORQUE TILTING 
MOTOR BASE 


Reaction-torque tilting motor base of 
compact design for automatic belted- 
drive tension control under changing 
load conditions is available in bases to 
accommodate all NEMA sizes through 
frame 505 as well as for special appli- 
cations requiring larger frames. En- 
gineered on the principle that action 
and reaction are equal but opposite, 
this motor base’s reactive torque is di- 
rectly proportional to the horsepower. 
The belt 
creases as the load varies. Allis-Chal- 


mers Mfg. Co., Milwaukee, Wisc. 527 


tension increases and de- 


ALUMINUM-OXIDE COATED 
WIRE AND STRIP 


High temperature, flexible aluminum- 
oxide insulated strip and wire, for tem- 
peratures as high as 1100 F and, in 
certain forms, as high as 1900 F, is 
available in all gages and sizes. A con- 
tinuous anodizing process provides a 
highly flexible coating capable of with- 
standing considerable deformation with- 
out fracturing or crazing the film. 

Film thickness can be carefully con. 
trolled from as low as 0.00008 to 0.001 
in. Aluminum-oxide insulated alumi 
num strips can be used in large o1 
small electronic units for savings in 
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1/2 THE SIZE OF 
CONVENTIONAL 
STARTERS 
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space and weight. The flexible alumi- 
num-oxide insulation can also be ap- 
plied to other metals; for example, 
nickel-plated copper strip or wire 
(where the nickel plate is needed to 
eliminate galvanic action and diffusion 
in high temperature operation). Can 
also be used on silver for applications 
close to the approx 1900 F melting 
point of the bare conductor. Perma- 
luster, Inc., 2012 W. Burbank Blvd., 
surbank, Calif. >528 


MINIATURE CHOKE COIL 


Wee-Ductor miniature r-f choke coil 
covers a full range of inductances from 
0.10 to 1000 yh, and measures only 


0.150 in. diam x 0.375 in. long. Design 
allows for a high current rating at 125 
C operating temperature. A high-per- 
ferrite sleeve and core are 
sealed in epoxy resin for moisture re- 
sistance to MIL-C-15305A. Essex Elec- 
tronics, Berkeley Hegts., N. J. 529 


meability 





SILICON RECTIFIER CELLS 


Fifty-eight types of low-current silicon 
rectifier cells featuring low reverse- 
current leakage include 20 pig-tail lead 
and 38 stud-mount types. 

Both the 1N599 and 1N599A series 
of pig-tail lead rectifier cells are de- 
signed for power supplies and mag- 
netic amplifier use, will handle 400 ma 
at 100 C, and operate in ambient tem- 
peratures to 150 C. PIV ratings range 
from 50 to 600 volts. The 1N1100 series 
pig-tail lead rectifiers are designed for 
applications requiring exceptionally 
low reverse currents and are capable 
of handling 250 ma at a temperature 
of 150 C with no more than 0.3 ma 
reverse current. PIV ratings are from 
100 to 400 volts. 

The 1N332 series of stud-mounted 
rectifiers is designed for power supply 
and magnetic amplifier applications re- 
quiring moderate currents to 170 C 
with piv ratings from 100 to 400 volts. 
One group is rated at 200 ma d-c out- 
put with a case temperature of 150 C, 
the other is rated at 400 ma. The 
IN550 series of component rectifiers 
has piv ratings from 100 through 600 
volts. At 100 C ambient the rectifiers 
in this series have a d-c output rating 
of 500 ma. The max d-c full-load for- 
ward voltage drop at 25 C rating is 


1.5 volts for the series. General Electric 
Products Dept., 
->530 


Co., Semiconductor 
Syracuse, N.Y. 


THERMOSTAT 


Series of thermostats 11-T for operating 
temperatures up to 350 F feature high 
rating 
min of space in such applications as 


electrical while occupying a 


clothes dryers, heaters, furnaces, ait 
conditioning and ventilating equipment, 
aircraft and miscellaneous devices. 
UL and CSA listed. The Thermo-O- 
Dise free bimetal disk principle pro- 
vides a snap action of contacts and 
uniform operating temperatures. De- 
signed for both SPST and SPDT and 
available with NO or NC contacts, 
surface or watertight mountings and 


enclosed or exposed disks. Choice of 
terminals include inclined _ blades, 
vertical blades or screw type. Therm- 
O-Disc, Inc., Mansfield, Ohio. ~—>531 


MOLDING COMPOUND 


Designed primarily for large castings, 
a line of sisal-phenolic materials RX- 
825 and RX-831 which offers medium 
impact and medium-high 
strength are basically 2-step molding 
compounds which can be 
and molded on conventional equipment. 
Available in modular form. Tensile 
strength 5500 psi min; 
strength, 25,000 psi min. 
applications include 
motor housings, outlet boxes and others 


impact 


preformed 


compression 
Potential 
electrical and 


where size of castings is combined with 
the need for material economy. Rogers 
Corp., Rogers, Conn. »532 


SILICONE RESIN 


Reduction by as much as 100 C in the 
temperature required for curing elec- 
trical equipment insulated with silicone 
varnishes is now possible with XR-622 
silicone impregnating resin. Equipment 
treated with XR-622 can be cured 
after only 8 to 16 hr in the oven at 
150 C, as compared with older products 
which require 250 C for the same 


MOTOR CONTROLS 


THE NEW MODEL 58 “RA” STARTER 


This new starter features the exclusive Arrow- 
Hart “Right Angle’? mechanism with magnet 
operating through a simple bellcrank lever. 
The resulting mechanical advantage lets a 
much smaller, lighter magnet outperform older, 


direct-acting types. Control size and weight are 


reduced by half... performance and depend- e 
ability are greatly improved. 


New Model 58 Size 1 Starters offer: 


e Wide Voltage Range Coils 
Standard coil voltages are 110-120, 208-230, 
440-480 and 550-600, at 60 cy. 
Epoxy-Resin Encased Coils 
Better protection against physical abuse, hu- 


Wiring Lugs 


midity, oil, fungus, shock, vibration, and other 
environmental conditions. 


Wrap Around Enclosures 
Make starters easier to install, wire, inspect 
and maintain. 


Make straight-thru front wiring easy. 


Available in a complete line, NEMA Sizes 0 through 
5, in Non-Reversing, Reversing Multi-Speed, Re- 


duced Voltage Starters and others. 


Write today for Motor Control Handy Ref- 
erence Catalog No. 14 to The Arrow-Hart & 


Hegeman Electric Co., Dept. EM, 103 Haw- 


thorn St., Hartford 6, Conn. 


ARROW-HART of HARTFORD 


Quality since 1890 


MOTOR CONTROLS + ENCLOSED SWITCHES + APPLIANCE SWITCHES + WIRING DEVICES 
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13 Oh a a a) 
MAGNETIC PICKUP 


ee. 


Over-Speed 

Protection 

WITHOUT 
Amplification 


...NO CONTACT 
WITH EXCITING GEAR 


Output vs. surface speed 
(1250 ohms resistive load ) 


MILLIWATTS 


005” SPACING 
12-TOOTH 8-PITCH GEAR 





Physical specifications may be altered 
| to meet your space limitations. 
| Also specially designed transducers for: 
| ® metering liquid rocket fuel 
| ® measuring speed of turbines 
® generating frequency in drones. 


ELectro 
Propucts 
Lasoratories 


Sensing Elements 4501-M Ravenswood, 
for Control Chicago 40, Ill. 
Counting Ganede: 
Speed and Displacement] Atlas Radio Lid., 
Measurements Toronto 
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length of time. If XR-622 is cured at 
the higher temperature, up to 80 per 
cent less time is required to effect a 
complete cure. This means that Class 
H impregnation is now possible with 
Class B processing equipment or, con- 
versely, Class H equipment can be 
used to accomplish the same result in 
a shorter time. Silicones Div., Union 
Carbide Corp., 30 E. 42nd St., New 
York 17, N. Y. > 533 


CERAMOPLASTIC 
INSULATION 


Machinable insulation material, Supra- 
mica 620 ceramoplastic, will operate 
at temperatures up to 1550 F with 


complete dimensional stability. Other 
characteristics are: electric strength, 
250 volts/mil; arc resistance, 300 sec; 
0.011 loss factor, 10° eps; and re- 
sistance to nuclear radiation. Thermal 
expansion coefficient is equal to that of 
stainless steel, enabling matched seals 
using appropriate solder glasses. Myca- 
lex Corporation of America, Clifton, 


N. k >534 


HIGH-POWER RELAY 

Heavy-duty power relay aproved by UL 
for a rating of 20 amp, 2 hp at 230 
volts a-c is of compact design. Its 
largest dimension is less than 3 in. 
Length is 2-1/16 in. and width about 
114 in. Modular design permits coil or 
switch change without removing from 
mounting, Multiple circuit arrange- 
ments including DPDT, SPDT, DPST- 
NC and DPST-NO, in coil voltages for 
a-c (24, 32, 115 and 230) and for d-c 








‘DIAMOND 8H’ 


SERIES W 


General 
Purpose 
Relays 


MEASURE ONLY: 


1%"x1%"x1h’ 


BUT CARRY: 


to 25 A. resistive at 115-230 V., 
A. C.; 1 hp. 125 V.. 2 bh». 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 


DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 


Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H” engineers are 
prepared to work out varia- 
tions of these rugged, depend- 
able relays to meet your spe- 
cific requirements in such ap- 
plications as automation 
controls, appliances and air 
conditioning equipment, or 


| what you will, Just ask. 


| THE 


‘HART 


MANUFACTURING 
COMPANY 


211 Bartholomew Avenue 
Hartford, Conn. 


Phone Jackson 5-3491 
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Whatever Your Field 
Check DE-STA-CO — 30 and 115) are available. Acro 


Robertshaw-Fulton. Controls Co.. 
Box 449, Columbus 16, Ohio. >535 


for Stampings with the Plus 


PLASTIC KNOBS 


Line of MIL-SPEC standard plastic 
control knobs, made to conform with 


ELECTRICAL 
ELECTRONIC 
PHOTOGRAPHIC 


HEATING—COOLING 

MS-91528, are in four basic types: 
AX round, pointer, spinner (each with o1 
ce 


without skirts) and dial skirted round. 
Available in three different shaft sizes. 
Finishes are either gloss, matte, or to 
color specifications; color and finishes 
may be intermixed. 

Made of plastic, type 111, class H2, 
per Spec L-P-349. Set screws are cad- 
mium plated, class 3, type 11, per Spec 
QQ-P-416; inserts are brass, composi- 
tion 4, hard, per Spec QQ-B-613. Na- 
tional Company. Incorporated, Malden, 


Mass. >536 


HARDWARE 
AUTOMOTIVE 
AIRCRAFT 


DE-STA-CO—stampings since 
1916—today THE name in 
toggie clamps 


DOUBLE-STANDOFF 
TERMINAL 


\ double-standoff terminal, or two 
standoffs in one unit requiring only 
one hole and one insertion, is pre- 
sented in Type DST-900 “Press-Fit” 


De-Sta-Co has been recognized for over 
25 years for its leadership in the field of 
production clamping devices. Today, our 
engineers are creating improved and special 
toggle clamps to meet your specialized 
production problems in every field. Over 130 
models, types and sizes, stocking distributors 
everywhere. Send for catalog. 


Our range of stamping production has made De-Sta-Co known as 

an important source from coast to coast. We’re regular suppliers 

to the most widely diverse industries—electrical, electronic, , — 
photographic—refrigeration, heating and ventilating—hardware, which is actually two straight shank 
automotive, aircraft. All of these require top quality—and we take lugs mounted in a single Teflon body, 
off our hats to none—but in addition to quality they want De-Sta- but electrically and physically sepe- 


oe ; rated. Such a terminal provides sepa- 
Co’s other pluses: service, integrity, modern equipment, second 

operation facilities, ample inventories of all common and many 
unusual materials. Our know-how is as extensive as you'll find 
in the business and the big p/uses we give you gratis! 

Next time, check with De-Sta-Co for stampings, prices and 
PLUSES! Prints, samples or detailed letter will get you fast 
results. Qualified representatives from coast to coast. Write for 
the name of the De-Sta-Co man in your area. 


De-Sta-Co is widely known for toggle clamps, stamp- 
ings, precision washers, spacers, shims, shim and 
feeler stock, blower housings and marine specialties. 


rate connection points on both sides 
of a chassis and combines the double 
economy of a single unit and single 
installation doing the two connection 
jobs. Sealectro Corp., 610 Fayette Ave., 
Mamaroneck, N. Y. >537 


SUBMINIATURE SILICON 
PHOTO-DUO-DIODE 


Subminiature light-sensing n-p-n photo- 
duo-diode, the 1N2175, allows current 
flow when either junction is exposed to 
light, but effectively shuts current off 


cueutor oe” =XBETROIT STAMPING COMPANY 


PRODUCTION 298 MIDLAND AVENUE e¢ DETROIT 3, MICHIGAN 
CLAMPING 
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MOTORS 


(other ratings 1/200 to 1 h.p.) 


las 
“s : 


““On-the-Job"’ Bearing Inspection 
and Relubrication are Easy! 


Rossins & Myers motor bearings 

are fully sealed and pre-lubricated 

to operate for years without atten- 
tion of any kind. However, when maintenance schedules 
call for bearing inspection and relubrication at shorter inter- 
vals, R&M motors cut downtime and save labor expense by 
making these inspections easy. The bearing cap on each end 
head comes off quickly when the four securing bolts are 
removed. The bearing seal, held in place by removable snap 
rings, likewise, is easily removed to expose the interior of 
the bearing. 

Easily removable bearing caps are only one of R&M’s 
many desirable design features. Double width bearing races 
have extra-large grease capacity ... Mylar* insulation that 
has 8 times the dielectric strength and 35 times more mois- 
ture resistance than ordinary paper insulation . . . end 
heads offer full-height protection . . . dual-sweep ventila- 
tion assures efficient cooling. For details, write today for 
Bulletin 520 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 
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PROBLEM: > 
Miniature precision 
wirewound resistors — 
with maximum stability 
and minimum . 

temperature coefficient 


at 


ULTRONI* 
TRG TULLE AL 


, 


Ultronix Ultraminiatures have a temperature coefficient within 15 
parts per million per degree Centigrade. In actual tests conducted 
by Donner Scientific Company, a random selection of Ultronix 
miniature resistors averaged out at 9 ppm, the only resistors tested 
to fall within the often advertised 20 ppm. 


Ultronix resistors are encapsulated by compression molding in an 
alkyd resin whose coefficient of linear thermal expansion matches 
that of the resistance wire without sacrifice of other qualities. 
Strain coefficient is completely eliminated insuring maximum sta- 
bility. The TC of each Ultronix resistor is the same as that of the 
wire used. Ultronix resistors are available with solder lugs and 
axial, radial, printed circuit, or special leads. Ultronix resistors 
exceed the requirements of MIL-R-93B and MIL-R-9444. 


P 120° 20 
999 1 a a 


— ty 
k=9 PPM/'C 
1000 A 


1001 N 





=e 
| 
| 
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1002 N nl met 


Typical resistance vs. temperature curve of Ultronix miniature precision re- 
sistors. Tests conducted by Donner Scientific Company, Concord, California. 


OTHER FEATURES OF ULTRONIX ULTRAMINIATURES 


Close Tolerance and Wide Range: 1 ohm to 2 megohms within +.05% 


Wide Temperature Range: —65°C to +-125°C, derate 5% for each degree 
increase in ambient temperature above this 
point. 


Altitude: Unlimited 
Small Size: Ultronix type 102 measures only 1/4” x 1/4” x Ye” 
Frequency Characteristics: Standard time constant .2 usec 


Ultronix makes a complete line of precision wirewound resistors. 
For complete technical information including the new ultramini- 
atures and the name of your nearest Ultronix engineering repre- 
sentative, please address Dept. M-4. 


111 East 20th Avenue San Mateo, Calif. - Telephone Fireside 5-7921 
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in darkness. Unusual _ sensitivity, 
claimed to be of the order of four 
times that of any other photosensitive 
units; subminiature size fits it for ap- 
plications such as reading of data from 
punched tape and cards. The single- 
ended glass case with lens located at 
the end opposite the leads measures 
only 0.500 in. x 0.085 in. in diam. 
Device passes up to 1200 amp when 
exposed to 1200 ft-candles of light, less 
than 0.5 pamp in darkness. Dissipation, 
250 mw at 25 C. As a double-diode unit, 
it will operate on either alternating or 
direct current. Texas Instruments, In- 
corporated, P. O. Box 312, Dallas, 
Texas. > 538 


MINIATURE SERVO 
CLUTCHES 


Miniature magnetic clutches for servo 
system functions are available in two 
lightweight, compact models. Model 
583 is only 114 in. in diam and 216 
in. long; Model 543, for more rugged 


‘sh 
ead t 


Pee a 


duty, 134 in. in diam and 4% in. 
long. Both models are the dry-disk, 
fixed-coil type of clutch which uses no 
slip rings. Inputs of 24 or 48 volts 
may be specified. A 48-pitch stainless 
steel input gear is furnished with each 
clutch. Helipot Div., Beckman Instru- 
ments, Inc., Fullerton, Calif. >539 


CONDUCTIVE PLASTICS 
POTENTIOMETER 


With its insulating material, conductive 
plastics track, and silver leads to the 
terminals molded into a single rugged 
precision element, potentiometer has 
linearities in the order of +0.05 per 
cent. Resistance values range from 50 


ELECTRICAL MANUFACTURING 





YEOLA 


tHe touch, HARD ABS prasnic 4 
from BORG-WARNER: _~ 


Better in more ways than any other plastic! 


Cycolac’s unique combination of properties gives Cycolac, you can simplify basic construction, take 
you unlimited freedom in product design coupled advantage of molded contours, forms and shapes 
with new economy and speed in production! You unobtainable or too costly in other materials. And 


get outstanding strength and rigidity without in- 
creasing wall thickness — you get corrosion, stain 
and temperature resistance — less overall weight 


— sparkling colors and hard, glossy surface. With WRITE FOR COMPLETE TECHNICAL INFORMATION! 


you get every advantage, every economy of high- 
speed injection molding or vacuum forming. 


® Superior Impact Strength —even at ® Wide Range of Colors 

Low Temperatures Ociebiieene a 
® Rigidity —even at High Temperatures ee 
® Hard, Glossy Surface *® Dimensional Stability 


® Corrosion, Stain Resistance *® Outstanding Performance 


PACESETTER IN 


Division of BORG-WARNER + Washington, W. Va. 
M: aor. bon also represented by: 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
fe lies CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., New York 


___SYNTHETIC RESINS 
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NYLON 
BOBBINS 


@ Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and deformation 
Toughness 


oe ciFl 
Easier Handling / to your SPE . 


. ++ These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 


The new and modern pliant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 


Send in your specs or write for data 
brochure and samples. 


SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada 


3239 WEST 14 STREET + TOwer 1-6697 © CLEVELAND 9, OHIO 
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and kindred fields, 
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of proven quality! 


Double Contact Area 


Phosphor bronze knife-switch socket contacts engage both 
sides of flat plug contacts. 

Socket contacts phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 22. 
Electrical Connecting Devices, Plugs, Sockets, Terminal 
Strips. Write 


HowaRD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 
aN 


17 7 r 
| A . a 


DIVISION OF UNITED-CARR FASTENER CORP. 
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ohms to 10 megohms. Wiper force can 
be set to any value up to 100 gm with- 
out excessively reducing its life. Volt- 
age gradient is low, and electrical char- 
acteristics should remain fixed over ex- 
tremely long periods of rotational life. 
New England Instrument Co., 320 Main 
St., Woonsocket, R. I. >540 


CONNECTOR PUSH-IN 
CONTACT INSERTS 


With push-in contact inserts designed 
for high-speed wire termination of high 
reliability now used in Pyle-Star-Line 
connectors, the contacts are crimped 
automatically or semi-automatically to 
wires outside the connector, with ample 
space for working and inspecting the 


secureness of the crimp. A cross-hole 
in each contact permits ready inspec- 
tion of the depth of the wire engage- 
ment and a hand tool is available for 
inserting the contacts into the pre- 
mounted resilient insulation within 
the connector barrel shell. Retention 
ability of the resilient insulation ex- 
ceeds the requirements of MIL-C-5015 
D, even after many reassemblies. 
Contact positions are plainly identi- 
fied so as to reduce the possibility of 
circuitry errors. The 2-piece units Mod. 
2 can be furnished with up to 100 poles 
for wire sizes 16, 12 or 10, with no 
sacrifice of environmental resistance 
and can be used interchangeably with 
the Pyle Mod. 1, 3-piece inserts within 
standard Pyle-Star-Line connector bar- 
rels. Pyle-National Co., 1334 N. Kost- 
ner Ave., Chicago 51, II. > 541 


MERCURY SWITCH 


Time-delay effects can be obtained di- 
rectly, without complex circuitry or 
thermal devices, by means of Type 
AZN mercury switch which features 

(Continued on page 288) 
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The Ekstrom, Carlson & Company's 

58 Hustler moulder cuts production costs 

by eliminating sanding operations. Cutler- 
Hammer Control is supplied as standard original 
equipment 


Choice of 
the leaders 
the mark of 


better 
machines 


The Tolhurst Division of American Machine & Metals, Inc. 
manufactures this 48” Dia. Automatic "Batch" Centrifugal for 

the Chemical Process Industries. The hydraulic drive system 

is equipped with Cutler-Hammer Control 


National Automatic Tool Co. Inc. / 
uses Cutler-Hammer Control on 3 The proper performance of any ma- 


pea igs Sar rs —— chine requires dependable, trouble- 
‘table, the machine automatically } | free service from the motor control 
performs six drilling and reaming j - which directs and protects it. This is 
SHINO & TF SECURES why leading machinery builders use 
Cutler-Hammer Control. It installs 
easier... works better... and lasts 
longer. 

For prompt attention to your con- 
trol requirements write Dept. G-231, 
Cutler-Hammer iInc., Milwaukee 1, 

Wisconsin. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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> SS. tess sa nS Peter Schladermundt, A.I-A., 
bee, ts Pe eae "3 * A.S.1.D., P.D.C., for 25 years 
4, y Sy g designer of many of 
“ “maptene foremost industrial 

products. Formerly associated 

with Norman Bel Geddes and 

other designers and architects 

on such projects as General 

Motors “FUTURAMA” and 

the ap tad of Soon Centre. 

Presen ng his own firm 

specializing ia all types of 

+ aly service to in weirs. 

Recently designed the Trade 

Fairs for the United States 

Government Department of 

Commerce in Milan and Paris. 


Peter Schladermundt 
and Sharonart 


combine for a new design concept.... 


Tomorrow’s business machines will have the low, sleek profile and functional beauty 

you see in this typewriter design created by the nationally known industrial 

designer Peter Schladermundt especially for the Sharon Steel Corporation. 

Gone is the bothersome cloth cover and in its stead a regular built-in secretarial workshop 
that includes typewriter accessory and lighted shorthand book and note compartments. 
And when the day is through the desk area is made neat by simply 

dropping the attractive machine lid. 

Ingenious? Yes, but perhaps the most important aspect of the design is the functional 

use of Sharonart, Sharon’s popular patterned steel. By fashioning the work areas of 
Sharonart the usual marks of wear never show, and by forming the cover of this amazing 
metal many styles are immediately available to the manufacturer by simply 

changing the pattern . . . and here, too, wear is practically eliminated. 

It’s the kind of forward thinking that has made Sharonart the most popular material 

of its kind. Literature and information available from the Sharon salesman in your area or 
by writing direct to Sharon Steel Corporation, Sharon Pa. 


<> SHARON O44 STEEL 








From raw material to finished product, she’s 
the boss at every stage of production. 


For the Same reasons, only the com- 
pany who controls metallurgical qual- 
ity of beryllium copper from raw ore 
to finished strip can furnish you the 
precise mechanical and physical prop- 
erties needed for your most exacting 
requirements, 


The Brush Beryllium Co, and its Penn- 
rold Division offers you the world’s 
most completely integrated facilities 
for the production of beryllium copper 
strip with metallurgical properties tai 
lored to the needs of individual cus- 
tomers. With it, you get complete 
application and fabrication field engi- 
neering service, the widest range of 
sizes (down to 0.0005” thick) and the 
largest coil size in the industry ( for 
greater uniformity and faster delivery ). 


The same precise metallurgical control 
and complete field engineering service 
is also available to users of precision 
rolled phosphor bronze and other spe- 
cial purpose alloy strip 


For more information, quotations, or 
fast delivery—call your nearest Penn- 
rold Service Center, today! 


(Precision Rolled Strip 
... Only the best 


meets every test) | 


The Brush Beryllium Co. 
501 Crescent Avenue/Reading, Pennsylvania 


Service Centers and Warehouses 
Reading, Pa.— FRanklin 5-4361 
Southington, Conn.-— MArket 8-5574 
New York, N. ¥.— WAlker 5.7500 or Enterprise 6479 
West Paterson, N. J.— CLifford 6.1085 
Philadelphia, Pa.— MOhawk 4.6749 
Pittsburgh & Cieveland— Cleveland, ENdicott 1-5400 
Chicago, 111.— Gladstone 5-7850 
Detroit, Mich.— TUxedo 4.2530 
St. Louis, Mo.— SHerwood 1.6423 
Greensboro, N. C.— BRoadway 3-5973 
Los Angeles, Calif. — PLeasant 3-5531 
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break with instant remake. 
Available in ratings up to 30 amp at 


delayed 


250 volts. Delay periods, set at from |] 
to 30 sec, are accurate to within 5 per 


cent of total time. Dimensions of 3 | 


amp/250 volt switch, 3 in. long x 1%% 
in. high. Weighs 1.5 oz. American De- 
signed Components, 


Jericho, N. Y. >542 


HIGH-TEMP SPRING WIRE 


Superalloy spring wire made of 
Inconel-X high-temperature components 
that operate between 650 and 1000 F 
is heat-treatable nickel-chromium, iron, 
titanium material that can be precipita- 
tion hardened. It is available annealed 
from 0.005 to 0.166-in. diam, in spring 
temper from 0.005 to 0.180-in. diam, 


and in No. 1 temper from 0,005 to 


| 0.230-in. diam. 


Spring temper recommended for op- 
erating temperatures from 650 to 750 F. 
Corresponding tensiles range from 190,- 
000 to 270,000 psi, depending on wire 
diameter. No. 1 temper recommended 
for operating temperatures from 650 
to 1000 F. Corresponding tensiles range 
from 130,000 to 165,000 psi, depending 
on wire diameter. Finishes include cop- 
per, lead, cowles lime, lime-oil and 
bright. National-Standard Co., Niles. 
Mich. >543 


AXIAL FLOW FAN 
Tubeaxial flow fan Model Y1241-3 for 


cooling electronic cubicles and flushing 
racks and cabinets in commercial or 


military applications has a 1/150 hp 
motor at 1550 rpm which delivers 430 
cfm on 115 volts, single-phase, 60 cycle. 
Fan dimensions: 
Air-Marine Motors, Inc., 369 Bayview 
Ave., Amityville, N. Y. >544 


(Continued on page 290) 


Incorporated, | 


114% x 5%: in. deep. 


Choose the best 
NYC an rah an Co 
SN mee 


Immediately available for 
original equipment or 
in-the-field replacement! 


Choose your panel indicators from 
Johnson’s “preferred” line. This group 
contains over 47 separate assemblies 
carefully selected from Johnson’s stand- 
ard line by many of the nation’s top 
design and development personnel. 
Available in a wide variety of types, 
these “preferred” units are immediately 
available at parts distributors through- 
out the country, for original equipment 
or in-the-field replacement. Write for 
your free copy of Johnson’s newest pilot 
light specification catalog—see how easy 
it is to select the right pilot light . . . fast! 
Available types include: continuous indica- 
tion neon types; models for high and low 
voltage incandescent bulbs; standard or 
wide angle glass and lucite jewels in clear, 
red, green, amber, blue or opal. Specials, 
including those meeting military specifica- 
tions are also available in quantities. 


OTHER COMPONENTS —In addition to the 
complete line of pilot lights described above, 
E. F. Johnson Co. also manufactures Air 
Variable Capacitors, Plugs and Jacks, 
Knobs and Dials, Tube Sockets, Inductors 
and Insulators. For complete specifications 
on all Johnson electronic components, write 
for your copy of our newest components 


catalog. 
New Colahogu 


oon eee eee eee 


Write today for our newest 
Pilot Light Catalog 7500—also 
our latest components catalog. 


.\ E.F. JOHNSON CO. 
nue 2319 Second Ave.S.W. ¢ Waseca, Minnesota 
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THAN TEFLON TUBING 


Ben-Har “1258” is the toughest, most flexible, most resistant and 
resilient unsupported tubing ever developed. It has high tensile 
strength over a per square inch, It will withstand 
continuous operation from 85°C. through 260°C. Ben-Har 
1258” has a higher rated temperature performance than conven 
tional Class H tubings that cost more. It is highly resistant to 
heat-aging, never losing its flexibility. Its elasticity permits a snug 
fit over wires and connections. Ben-Har 1258" is resistant to 


: “~~ 
~~ Ys, 
\ WA 
, 300% MORE FLEXIBLE 
THAN SILICONE VARNISHED GLASS SLEEVING 
Ben-Har ‘1258, a completely new extruded 
silicone rubber insulating tubing, uses a new 
formula and a new (patent pending) extrusion 
process that permits accurate dimensional control. 
700% MORE FLEXIBLE 


1) abrasion 


®) 2) cut-through 
<9) 3) corona attack 
4) harmful radiation 
Available in standard wall thicknesses of .015 and .035 in a com 


plete color range. Special dimensions can be custom engineered 
Write for samples and data or ask to see a Bentley, Harris 


260°C representative. 
—85°C 


AES A 
FLEXIBLE SLEEVINGS 


BENTLEY, HARRIS MANUFACTURING CO. 
400 BARCLAY STREET CONSHOHOCKEN 2, PA. 
Telephone, Norristown, Pa.: TAylor 8-7600 
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1/500 H.P. to 
1/45 H.P. 2-pole 
shaded pole 
AC induction type 


we 


MODEL H 
1/550 H.P. to 
1/50 H.P. 2-pole 
shaded pole 
AC induction type 


MODEL D 
1/90 H.P. to 
1/45 H.P. 4-pole, 
4-coil shaded pole 
AC induction type 


{5 } te GENERAL INDUSTRIES co. 


pepT. GL e 


ee 


Ae 


MODEL B 

1/80 H.P. to 1/35 H.P. 

4-pole, 4-coil shaded pole 
a AC induction type 


tandard line of motors 


adaptable to hundreds 
of applications 


YOU CAN ALWAYS 


RELY on GI 


Fractional H. P. Motors 


General Industries’ standard line of motors 
is adaptable, with slight variations, to 
literally thousands of applications. This 
means that your motor requirements can 
most likely be met without additional time- 
consuming engineering. 

If you are currently using fractional horse- 
power motors, or are planning a product 
that calls for their use, phone or write 
General Industries. We’ll gladly make 
recommendations — without obligation. 


Write today for catalog sheet and quantity-price quotations. 


ELYRIA, OHIO 
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MECHANICAL COUNTER 


“PlanetGear” mechanical counters use 
a planetary gear drive to rotate the 
numerals, instead of the usual Geneva 
movement. Transfer of numbers is ac- 
complished by means of a nylon cam 


and roller compensating device which 
moves the planetary gear without skip 
or miss since the gears are always in 
mesh. 

Any device capable of turning the 
firs. numeral drum is capable of driv- 
ing the entire counter reliably, as there 
are no peak load points in the operation 
of the counter and the smooth rolling 
action of the planetary gears makes it 
possible to drive the counting wheels at 
continuous speeds of 1000 rpm (or 
10,000 counts per min). Bearings, 
gears, cams and rollers are of nylon. 
The main shaft is polished stainless 
steel. The %o6 in. numbers conform to 
military specification MIL-S-33558 
(ASG). Haydon Instrument Co., 165 
W. Liberty Street, Waterbury 20, 
Conn. > 545 


MINIATURE 
PULSE-TRANSFORMER KIT 


NYT miniature pulse-transformer lab- 
oratory kit consists of 10 three-winding 
pulse transformers packaged in a clear 
plastic box. With a range of pulse 
widths from 0.1 to 10 microsec (which 
can be extended to 40 by wiring the 
third winding of two units in series) a 
combination of 20 different winding 
ratios is possible, from 1:1:0.1 to 
1:1:58 ct. 

Designed for blocking oscillator cir- 
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ELECTRICAL 
PORCELAIN b unm al 


AS AND WHEN YOU WANT IT 
GEARHEADS 


(s 
AND (SPEED REDUCERS 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 286 on page 17 


Bowmar designs and manufactures all types of precision 
geared components, assemblies and packages for all 
types of precision control systems. Dozens of semi- 
standard speed reducer and gearhead sizes are offered 
in most ratios; but these types may be altered, or entirely 
new types can be developed to fit new requirements. 
Typical of many Bowmar designs currently being 
manufactured — — 


TWO SPEED GEARHEAD X-709. Unit PRECISION SERVO MOTOR GEAR- 
shown has speed reductions of 2400:1 HEAD 750-GH (with housing). Stand- 
and 24000:1 for fast approach and ard ratios to 2000:1; Starting torque: 
slow zeroing. Unit is electrically 005 in.-oz.; Load torque: 5 in.-oz.; 
actuated and is completely self con- Backlash: 30 min. max.; Diameter 


tained. ical of man wmar 750 in. Typical of many Bowmar 
signs currently being manufac ured. designs currently being manu actured. 


RSA eR WINDINGS 


Encapsulated Cotton Interweave 


Bobbin Form Wound 
A | PRECISION MINIATURE SPEED RE- CONCENTRIC SHAFT SPEED REDUCER 

Paper Interleave High Temperature | DUCER 1062. Standard ratios to X-530. Single ended unit has optional 
4000;1. Starting torque: .005 in.-072.; internal slip clutch set to customer 

| Load torque: 25 in.-oz.; Backlash: 45 requirements. Most ratios available 

Send us your raell min. max.; Diameter: 1.062 in. Typi- Starting torque: .01 jn.-o7z.; Back 


rT 2 Pr are | of many Bowmar designs curren lash: 30 min. max.; Diameter: 1.062 
ifications for oration. ig manufactured in te pw many Bowmar designs 
saan aie ; currently being manufactured 
TRANSFORMERS MADE TO ORDER 

SEND NOW FOR DATA PACKAGE NO. 1158 


ey Cmee ae Oh INSTRUMENT CORPORATION 


5 E 8000 Bluffton Road © Fort Wayne, indiana 
93 Main Street « Winsted, Conn, 
REPRESENTATIVES IN PRINCIPAL U. S. AND CANADIAN CITIES 
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Use plain, unthreaded rods, 
shafts, studs, rivets or pins 
and simply Push on 
these low-cost 


PUSHNUT 


FASTENERS 


Get 


STRONG, NEAT 
ASSEMBLIES 


without threading, 
notching oF drilling 
for cotter pins 










Type W PUSHNUTS 


One-piece, heavy gauge spring 
steel with powerful gripping ac- 
Y | tion. Cover rod ends with smooth, 
¥ rugged cap. Always align per- 

fectly. Hold tight seated or un- 

{ seated. Various designs and fin- 





ishes in sizes for %", 4", 4%", 
34", 4%" and 1%” dia. unthreaded 
rod, wire and studs. 


we 


All PUSHNUTS apply manually or with high speed air hammers 











Type U PUSHNUT 
Retainers 


New low-cost, space-saving spring 
steel retainers push on plain rod 
or axle, providing strong, firm 
retention of parts, seated or un- 
seated. Eliminate notching, groov- 
ing, drilling and cotter pins. 
Available for %%" and 34" dia. rod; 
other sizes in development. 





Ce oe 


Send for Free Samples and Data, stating type, size and application 





Flat 
_ Type H 
Wd PUSHNUTS 


Easily, quickly pushed on un- 
threaded studs to assure tight, 
vibration-proof assembly of orna- 
ments, medallions, nameplates and 
other parts. Grip tight on hard studs or rivets. Open end and 
chrome studs. Sizes for 4%", %,", closed end types. Six sizes from 
50”, 4%" and 3%” dia. studs. -120” to .312" dia. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. J. 


in Canada: P. L. Robertson Co., Ltd., Milton, Ont. 


LOCK NUTS 
FASTENERS 








Acorn Type PUSHNUTS 


Pleasing, decorative appearance 
and strong spring erip or fasten- 
ing or covering ends of rods, 


oe Na LO 


Quick, secure fastening at low cost 
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cuits, computer circuits, and interstage 
coupling. For laboratory and _bread- 
board convenience the units plug into 
a standard miniature 9-pin tube socket. 
New York Transformer Co., Alpha, 
N. J. >546 


PUSHBUTTON LAMP UNIT 


Transelec miniature Echo-Lite combines 
a pushbutton switch and a neon lamp 
and mounts in a hole %% in. diam, It 


. 
a 





features bifurcated contacts and an NE- 
2E bulb which maintains a fixed posi- 
tion relative to the lens. Available in 
six models in independent or common 
lamp and_ switch connections with 
series resistors in either or both the 
lamp and switch circuits. Transistor 
Electronics Corp., 3357 Republic Ave., 
Minneapolis 26, Minn. »547 


CLUTCHES AND BRAKES 
Series No. 9000, flux-through disk-type 
electric clutch with stationary coil, cov 
ers a range of sizes from %4 to 3% in. 
bore and up to 2400 Ib-ft of torque 
(static) and combines a specially de- 
veloped disk assembly design with a 
new type of electromagnetic operating 
mechanism. In case of current failure 
or safety device cut-out, the clutch 
disengages. 

The Maxitorq Power-Pac, developed 
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PRODUCT-DESIGN BRIEFS FROM 





DENBO ENGINEERING & SALES CO., INC 


Breezy brainwork 

Q. What’s missing from this blower wheel? 
A. The ring that you’d expect to see steady- 
ing the blades at the far end. 

Who forgot it? Nobody. In this wheel 
it’s superfluous. Without the ring, air en- 
ters the wheel more freely. There’s more 
working blade area. Air flow can be modi- 
fied at the factory, without retooling, sim- 
ply by shortening the blades. 

You can’t make a wheel like this out of 
metal—not at a marketable price, anyway. 
But a general-purpose Durez phenolic 
works fine. 

Concentricity is molded in. Wobble is 
much less than could be achieved econom- 
ically in a metal wheel. The wafer-edged 
blades are rigid enough to do without tip 
support. They can’t be bent in shipment 
or in assembling the blower into any ap- 
pliance of which it is a part. The wheel 
withstands moisture and mild corrosive 
atmospheres; retains its shape through the 
range of temperatures at which it will 
operate. 

You don’t make blower wheels? All 
right. We’re happy if we have implanted 
an idea for anything you might construct 
better or more cheaply with a Durez gen- 
eral-purpose phenolic. For still more ideas 
on where and how to apply these durable, 
versatile materials, send in the coupon re- 
questing Bulletin D400. 


Vandalproot 

Big-city switchblade artists used to rip the 

stuffings out of upholstered bus seats—to 

the tune of $100,000 a year in damage. 
Then city transit authorities ordered 

330 new buses with glass-reinforced plastic 

seats like the ones you see here. Made with 
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@ a phenolic that simplities 
@ plastic that foils vandals 
® resins that bind 


tough, fire-retardant Hetron® polyester, 
these seats can’t be slashed, defy destruc- 
tion. 

They cost less to make than upholstered 
seats. And the passengers like them better 
—voted overwhelmingly in favor of them 
in rider reaction tests. 

Now transit officials plan to replace all 
the city’s buses with vehicles featuring 
these vandalproof seats. 





AMERICAN 
SEATING COMPANY 


Where can you see a market for strong 
reinforced-plastic shapes that retard fire? 
There’s a whole family of Hetron resins 
to help you do your visualizing. Hetron is 
inherently self-extinguishing—gives fire re- 
tardance with no loss of mechanical 
strength. Heat resistance, moisture resist- 
ance, electrical properties of Hetron lami- 
nates and premix-molded shapes are out- 
standing. 

To get a better idea of what you can do 
with these fire-retardant resins, use the 
coupon to request the complete Hetron 
data file. 


r 
| For more information on the Durez materials mentioned above, check here: 
| [] 8-page Bulletin D400 lists properties, uses, design advantages of general- 
| purpose Durez phenolics and other thermosetting materials. 

() Data file (SOA) on Hetron fire-retardant polyester resins. 

(] Industrial applications of Durez phenolic resins (12-page bulletin). 

| Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead.) 

| 

| 

| 

| 

| 

| 

| 


DUREZ p.iastics Division 


1304 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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KENTILE, INC 


A pinch of permanence 


No, cooking does not improve the flavor 
of this cork tile. 

We're just demonstrating the good 
strong bond that’s possible, in a material 
such as cork, with Durez phenolic resins. 
Not even boiling water can weaken it. 

Locking cork granules together is one 
of hundreds of bonding jobs these resins 
can do. You might want to delve into their 
equally salutory effects on rubber, paper, 
sand, asbestos, or ground wood. 

Under heat, the resin softens, then sets 
hard, presenting thereafter a permanently 
stubborn front to heat, moisture, and abra- 
sion. You can get resins that impart many 
different combinations of useful properties. 
It doesn’t take much resin—often only one 
part in ten—to get the results you’re look- 
ing for. And phenolic is one of the lowest- 
priced bonding agents you can buy. 

If you want to know how you might 
add a pinch of permanence to a product, 
mail us the coupon. The bulletin you'll re- 
ceive tells how 12 industries are doing 
this very thing with Durez resins. 


HOOKER | 


CHEMICALS 
PLASTICS 
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NEW BUILDING-BLOCK 
DC DEVICES 


Assemble the exact contactor or relay 
you need--when you need it! General 
Electric’s new “‘building-block”’ design 
allows quick, on-the-spot assembly of 
more than 100 different devices —from 
a few standard components. For all the 
facts, follow reader service instructions 
below. General Electric Company, 
Roanoke, Virginia. 784-19 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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for use with these clutches, is said to 
provide extremely fast action, whether 
by manual, push-button or automatic 
controls, and also to permit continuous 
fast repetition on automatic cycles. A 
variable transformer or rheostat can 
change clutch-torque carrying capacity. 
Standard operating voltage is 90 volis 
d-c at low wattage. Other voltages are 
available. The Carlyle Johnson Ma- 
chine Co., 52 Main St., Manchester, 
~>548 


Conn. 


METER-RELAY 


Adjustable contacts, permitting easy 
changing of either control points or 
calibration, are now standard on Model 
137 VHS nonindicating meter-relay 





which offers all the advantages of a 
standard locking coil meter-relay except 
dial indication and is resistant to shock 
and vibration. Formerly this very high- 
sensitivity unit was available only with 
contacts set at the factory. It has a 
clear plastic case 2 in. long and 1%¢ 
in. sq. Model 137 VHS will trigger 
control action on signal changes as 
small as 0.2 vamp, or 0.1 mv d-c. A 
rectifier is used for control from a-c 
signals. Control begins when a con- 
tact on the signal pointer touches an- 
other on a limit pointer. For more 
positive action, a separate locking coil 
increases the contact pressure. Assem- 
bly Products, Inc., 75 Wilson Mills Rd., 
Chesterland, Ohio. >549 


VARI-SPEED PULLEYS 


Constant speed regardless of wide vari- 
ations in load is accomplished by 
means of a cam which automatically 
maintains required belt tension for a 
given load by preventing pulley faces 





La) 2 
@ Tough Nylon 


| 
7 
7 


| 


mya 
‘aha 
BUSHINGS 


for standard 
and special 
ana ae tod de 


Standard 
Insulating and 


ELECTRICAL sty. 
CORDS & CABLES 


FREE TEST SAMPLES will be sent on the 


receipt of the sizes of the wires you are using. 


MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 





Cd So 
Ca ae 
MAN:—say HE 
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new electrical design 


Lier TRIM 





The new A. O. Smith welding convertor has a 
remarkable new reactor that does a big job in‘a 
brand new cost-saving way, thanks to anodized 
aluminum strip conductor by Reynolds. Because 
the anodic film on the strip acts as an efficient 
insulator, extra bulky insulation material is 
eliminated. More performance is packed into a 
smaller housing. Yet, this convertor withstands 
severe overloads because Reynolds Aluminum 
Strip has the capacity to withstand excessive 
temperatures. Aluminum strip provides superior 
heat transfer characteristics too—it’s never 
plagued by hot spots or high layer to layer 
voltages. And, it costs less than copper wire. 
Production savings? Better than excellent. 
There’s no insulation to wrap and winding’s a 
snap. 

For details and for the assistance of Reynolds 
Engineering Service on your product or prob- 
lems, call your nearest Reynolds Branch Office 
or write Reynolds Metals Company, P.O. Box 
2346-ED, Richmond 18, Virginia. 


The Finest Products 
Made with Aluminum 


PCE dL 


aL Ue coe ULL, 
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A. O. Smith AC-DC Welding Convertor 


REYNOLDS 


Anodized Aluminum 
Strip 
Conductor 


eliminates added insulation— 
lowers conductor costs in the new 
A. O. Smith AC-DC Convertor 


write today . . « for these informative | 


booklets on Reynolds Anodized Aluminum Strip yy 
Conductor and Reynolds Interleaved Strip Conduc- 
tor. They contain important information on actual 
applications, joining and winding and a wire 


* oo 
gauge-strip conductor computation chart! ' 


Watch Reynolds TV show—“*WALT DISNEY PRESENTS" every week on ABC-TV 
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BARBER 
RUE 


low cost..rugged 
and accurate... 


a-c 

tachometer 
generators 

Here’s a design tip that can save 


you money with no compromise in 
product quality! Barber-Colman 


reversible motors perform efficient- | 


ly as dependable a-c tachometer or 
rate generators, Voltage is nearly 


linear in the range of 1000 to 3000 | 
rpm and is usable beyond these 


speeds with but slight additional 
loss of linearity. Generated voltage 
is of the order of two volts per 
thousand rpm and can be increased 


to the order of 10 volts per thou- | 


sand rpm with shading coils of 
higher impedance. Write for Bul- 
letin F-9256 with performance 
curves. 


low cost...reversible 


servo motors 


Compact, powerful . . . for servo- 
mechanisms, remote switching and 
positioning devices, recording in- 
struments, voltage regulators. 
Adaptable to a variety of control 
circuits (including control from 
vacuum tube and transistor ampli- 
fiers) for power requirements uf 
to 1/25 hp. Write for Catalog R1 


low cost...unidirectional 
blower motors 


High-quality, precision-made 
motors that give long, trouble-free 
service for driving blowers and 
fans. Low noise level . . . long-life 
alignable bearings . . . large oil 
reservoirs . . . high starting torque 
Ratings up to 1/20 hp. Write fon 
Catalog U1. 


BARBER-COLMAN COMPANY | 


Dept. P, 1203 Rock Street, Rockford, Illinois 


Automatic Controls ° Industrial Instruments * 
Air Distribution Products * | Overdoors and Operators 
Metal Cutting Tools * Machine Tools °* 


Small Motors °¢ 
Electrical Components * 
Molded Products °* 
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a-c gmall motore 





Aircraft Controls 


Textile Machinery | 


from spreading and holding the pitch 
diameter at the desired setting. Con- 
tact springs serve only to maintain 
initial tension. 

The Hi-Lo FHP line is available in 
3 ratings: 4%, 34 and 1 hp at 1750 
rpm. The 44-hp unit is available with 
either high impact plastic or cast iron 
face; other sizes, cast iron. Speed 
ratios vary from 2 to 21% to 1. Love- 
joy Flexible Coupling Co., 4891H 
West Lake St., Chicago 44, Ill. 550 


VOLTAGE REFERENCE SOURCE 


Voltage source unit using 
cascade zener diode regulation intended 
for use wherever ultrastable d-c voltage 
is needed in regulator, control or 


reference 


Bite. 


measuring circuits. A-C or d-c input 
units are available with d-c outputs up 
to 60 volts. Typical output stability 
with +10 per cent input voltage change 
is +1 per cent. Temperature coefficient 
of voltage is as low as 0.01 per cent 
per deg C, operating temperature 
range is —55 to +100 C. 

Hermetically sealed to withstand ex- 
treme environmental conditions for 
component of 
missile and computer systems. Indus- 
trial Television, Inc., 369 Lexington 


Ave., Clifton, N. J. >551 


wide application as a 


SHELL-TYPE DONUT 
TRANSFORMER 


Shell-Type donut transformer for iso- 
lating high voltages on filaments, cas- 
caded high-voltage power units, etc., 
eliminates ceramic bushings, oil and 
tank and is therefore more compact 


TRICAL MANUFACTURING 





than the core-type transformer. In com- 
parison with the conventional oil-tank 
unit, its size and weight are reduced 
approx 40 per cent. Nothelfer Winding 
Laboratories, Inc., Trenton, New 
Jersey. 552 


4 


MINIATURE BEAM 
SWITCHING TUBES 


Beam switching tubes in both shielded 
(Type BD 316) and unshielded (Type 
BD203) versions for low-voltage appli- 
cations requiring min size and weight 


to operate at transistor voltages are 
10-position high-vacuum units used for 
electronic distribution, counting, cod- 
ing and decoding, sampling and con- 
version. 

Tubes can be arranged to switch in 
sequence or at random, can be preset 
to any position, interconnected as dis- 
tributors to any number of positions, 
and used for a wide variety of elec- 
tronic generating, switching and driv- 
ing operations. Burroughs Corp., Elec- 
tronic Tube Division, Plainfield, New 
Jersey. >553 


ADJUSTABLE SPEED DRIVE 


Adjusto-Spede drive in ratings from 
34 to 71% hp with a stationary field con- 
struction eliminates brushes, commuta- 
tors and slip-rings. The a-c motor drives 
a clutch drum at constant speed while 
speed on the clutch spider (output 
member) is adjusted by varying d-c 
excitation to the clutch coil. Direct cur- 
rent is supplied by a small controller. 
Redesigned construction reduces length 
of drive up to 22 per cent. A-C motor 
and eddy-current clutch are built into 
a common housing and the drive shaft 
height and diameter dimensions are the 
same as a standard motor of compar- 
able rating. Motor end brackets are 


CONTROL LER OPERATOR'S 
(COVER OFF STATION 
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400-cyclie motors 
for aircratt/missile 
applications 


TYPICAL SPECIFICATIONS: 
© Rated motor speed ... 10300 rpm 
© Rated current .76 amp 
© Rated horsepower ... .020 
* Starting torque 0.3 Ib-in. 
Weight ees 82 Ib 
(exluding capacitor) 
Temperature range ... 65°F to + 250°F 
(per MIL-M-7969b) 


Here is the precision Barber- 
Colman AYLO motor — designed 
for 400 cycle, 115V operation. Four- 
pole field . . . two balanced wind- 
ings permit reversal with an SPDT 
switch...unit shown has 400-cycle 
brake which has a minimum life 
of 300,000 cycles. This motor has 
passed MIL-M-7969a qualification 
tests . . . motor life 1000 hours 
when tested per these specifica- 
tions. Write for technical bulletin. 


THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp. . . permanent magnet and split 
series types various mountings and speeds . 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Choppers that 
require extremely low driving power. Resonant 
Relays characterized by low operating power, 
narrow band width. Ultra-Sensitive Polarized Re- 
lays operating on input powers as low as 40 micro- 
watts. 400 Cycle A-C Motors for aircraft and 
missile applications. 


polarized relays 


400 cycle a-c motors 
TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 


Fie 

: , 

re a s | 

ee components. Detailed specifica- 
FT tions, performance data, circuitry 
{ F drawings. Write for bulletins on 


tach generators choppers any or all products 


BARBER-COLMAN COMPANY 
Dept. P, 1803 Rock Street, Rockford, Illinois 

Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 

Air Distribution Products ° Overdoors and Operators 

Metal Cutting Tools * Machine Tools * 


Aircraft Controls ° 


Molded Products ° Textile Machinery 
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Get rack-mounting VERSATILITY 
with Chassis-Trak Slides 


Ease of installation . . . space-saving 
design . . . smooth, trouble-free op- 
eration—these are sound reasons for 
specifying Chassis-Trak Slides. Still 
another reason is versatility. 
Suppose you want to transfer a 
piece of equipment from one cabinet 
or rack to another. Nothing to it 
with Chassis-Trak. Simply press a 
push button spring and the entire 
chassis comes out. Then slip it into 
another rack equipped with Chassis- 
Trak Slides and the changeover is 
complete. Because Chassis-Trak 
parts are interchangeable (even on 
different models and sizes), equip- 
ment fitted with slides in one work 
area can be mounted without modi- 


fication in Chassis-Trak-equipped 
cabinets anywhere. 

Chassis-Trak Slides come in nine 
stock lengths and support loads up 
to 275 Ibs. More than 200 standard 
models meet every installation need. 
Approved for military use. 


Chassis-Trak ‘‘Detent’’ slide, shown in 
one of seven different tilting positions. 


For further information contact: 


525 South Webster, Indianapolis 19, Indiana 
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interchangeable with standard flanges 
and units can be flange-mounted to the 
driven machine for further space sav- 
ing. The Louis Allis Co., 427 E. Stewart 
St., Milwaukee 1, Wisc. >554 


DIODE CLIPS 


Three spring-loaded Teflon-insulated 
diode clips have been added to the 
Cambion line. All three are feed- 
throughs designed to press mount into 


iA A 


Tt 


0.205 in. diam holes in terminal boards, 
The Teflon overlaps at top and bottom, 
thus securely mounting the clip while 
insulating it. Processed from quality 
brass, these clips are finished in a dur- 
able electroplate. The No. 2424 clip 
will accommodate diodes with wire 
leads up to 0.040 in. diam, the No. 2422 
will accommodate diodes with wire 
leads up to 0.055 in. diam; No. 2405 is 
designed to handle diode leads up to 
0.085 in. diam. Cambridge Thermionic 
Corp., 445 Concord Ave., Cambridge 


38, Mass. >555 


SUBMINIATURE CONNECTORS 


In Series SMI-C subminiature preci- 
sion connectors a stainless steel rein- 
forcing retainer is provided under each 
screwlocking element to remove all 
torque stresses from the molded bodies. 
Positive re-entrance and self-alignment 
of the pins is assured by a specially 
flanged guide and wide countersink 
on each recess-contact, Available in 
total contacts of 7, 11, 14, 20, 26, 32 


ELECTRICAL MANUFACTURING 





Infinitely Adjustable Speed 
from an _* Source with the 


DYNANATIC 


Aisi Sinaia Drives 


Stationary field Dynamatic Ajusto-Spede® Drives 
provide stepless adjustable speed from an alter- 
nating current source for a wide range of industrial 


; ee - Input Drum 
applications. 


Assembly 


: : = . Stationa 
These air-cooled, stationary field eddy-current Field Ranette 


couplings are mounted integrally with D-flange : . panes 
ssem 

open drip-proof squirrel cage motors. They are : 

available in capacities from 5 to 75 HP. Units of Investigate these Important 

the same design and capacities are also available m : 

widens Weneaee Ajusto-Spede Drive Advantages: 


This stationary field design eliminates the use of Accurate speed control ¢ Wide speed range 
rotating coils, brushes, slip rings, and commutators, Low power losses Simple construction 
holding wear and maintenance to an absolute mini- Rapid L ‘ 

‘ ‘ ° ‘ n ® m 

mum. Dynamatic electronic or magnetic amplifier sh tenlalae manaee PS Cate 
controls, in combination with these drives, provide Quiet, efficient operation * Remote control 


wide latitude in operating functions. 


Send for Illustrated Literature Describing 
Dynamatic Stationary Field Drives 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 
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electro-magnetic 


DISC 
BRAKES 


(THE CHOICE OF 
LEADING MOTOR 
MANUFACTURERS ) 


AS A BRAKE 
CAN BE! 


For compact brakes that stop motors or 


shafts quickly and quietly ...cut waste time... step 
up production cycles per hour per machine — consider these 
six outstanding features of Stearns electro-magnetic Disc Brakes. 


+ 


— 


2 


, 


SMOOTH-OPERATING MECHANISM — Linkage 


from the solenoid operates smoothly on bearings to re- 
duce wear on sliding surfaces. This means long life — 
trouble-free service. 


RUGGED CAST CONSTRUCTION — To give you 
strength and rigid stability that long, hard industrial 
service demands, Stearns Brakes feature cast construc- 
tion of enclosures and many components. Pleasing and 
functional contours blend naturally with smooth lines 
of the electric motors to which they are coupled. 


MAXIMUM SAFETY FACTORS — The highest me- 


chanical and electrical safety factors — a result of 
advanced Sostgn and engineering, proved by exhaustive 
testing and field operation assure consistent satisfactory 
performance even under most adverse conditions. 


A MAINTENANCE MAN’S ‘‘DREAM”’ UNIT—The 
only brakes with visual wear indicators and simple in- 
stallation. A screw driver is your complete Tool Kit for 
Stearns Brakes. Convenient electrical connections. Long- 
life friction lining, which seldom requires replacement, 
can be quickly and easily changed, when needed. 


FAST STOPS — QUICK RELEASE — Positive spring 
action on pressure plates for fast, smooth stops—setting 
brakes automatically in case of power failure. Instan- 
taneous magnetic pull provides quick release — elimi- 
nates drag. 


A SIZE AND TYPE FOR YOUR APPLICATION — 


Over 150 standard sizes and types available to fit re- 
rated NEMA motor frames in sizes ranging from 1/20 
to 100 hp. AC or DC. Maximum torque ratings from 
0.6 to 7,500 lb ft. Vertical, horizontal, motor or floor 
mountings. Stub or thru-shaft design. Housings for 
explosion-proof, dust and waterproof, or standard 
operation. “Miniatures” and custom units also available. 
For complete data, call your local Stearns represent- 
ative. Or write direct, stating your specific application. 
Request Bulletin No. 226-HE. 


ESET ELECTRIC CORPORATION 


120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
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or in custom configurations. U. S. 
Components, Inc., 454 E. 148th St., 
New York 55, N. Y. > 556 


MINIATURE POTENTIOMETER 


Weighing only 0.6 oz in its metal hous- 
ing (¥% in. diam), Series T single- 
turn precision potentiometer comes in 
servo or bushing mounting styles. Start- 
ing torque 0.10 oz-in. max per section 


and 5-ganged sections are readily avail- 
able. Dimensional tolerances held to 
practical limits in all areas: shaft run- 
out, 0.0010 in. max. T.I.R.; register 
face runout, 0.0020 in. max; register 
diam, 0.0015 in. max; end play, 0.0040 
in. max; radial play, 0.0020 in. max. 
Major environmental specifications 
met by this redesigned series include 
50 g shock; 500 cps at 30 g vibration; 
55 to +125 
C temperature range. Standard resist- 
ance range extends from 650 to 100 k 
ohms +5 per cent with +2 per cent 
available. Standard linearity tolerance 
is +0.50 per cent; +0.20 per cent 
available. Power rating is now 1.2 
watts at 40 C. Helipot Div., Beckman 
Instruments, Inc., Fullerton, Califor- 


nia. >557 


100 g acceleration; and 


CONTACT PINS 


A variety of seamless and butt-seam 
contact pins and tubular specialties in- 
cludes Alco pins available in brass, 


copper, steel, or aluminum, with plat- 
ing to specifications. Sizes include: 
3/32, 4%, 7/64 and 5/32 in. diam x 
3% to 11% in. long. A. L, Johnson Co., 
8031 N. Ridgeway, Skokie, Ill. —>558 


(Continued on page 302) 
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NATIONAL 


ONTINU 


WONDERFUL 


for all types NEW 


: ji FINGER GRIP 
of appliances, | ™ CORD GUARD 


cabinets and other combined with 
- - STRAIN RELIEF 
metal applications 


EQUAL WINGS — STAGGERED HOLES 


UNEQUAL WINGS — PARALLEL HOLES 


(ON SPECIAL ORDER) “COORDINATING” 


. + brings appliance manufacturers a heater cord 
set, with miniature plug, that’s 3 WAYS BETTER: 


UNIQUE FINGER GRIP 
neoprene cord guard 
molded integral with 
strain relief, directly to cord. 
Safe, sure, cool! 


SPRING HINGES 


Available in steel, brass, stainless steel IMPROVED STRAIN RELIEF 
and aluminum, National Lock hinges engineered for extra holding power, against 
are offered with equal and unequal pulling, yanking, twisting. 


wings . . . %/ to 4” widths... UP | gerzer CONTACT SUPPORT 
to 96" lengths . . . with and without in phenolic plug; inner barriers hold contacts 


holes. Write for complete information. permanently in place. 


Cat. No. L-1106, 6’ type HPN complete cords (black) 
HANDLES + PULLS - LATCHES in stock; other lengths, special colors to order. 


CATCHES - HINGES - SCREWS Write, we'll have our representative call. 


ea HARDWARE - BUTTS | RovAL ELECTRIC CORPORATION 
IAL-PURPOSE FASTENERS | pawTUCKET, RHODE ISLAND 


In California 
Y rey RO ea 
5 yi | Los Angeles 13 
ae Rockford, Illinois . | t 
oe fervectric, IT j 


| «+. @M essociate of 
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PULLEY 
DESIGNS 


For Constant Speed 


ae 


CONSTANT SPEED — Hi-Lo Auto- 
matic Pulleys employ an exclusive 
cam and cam follower assembly to 
maintain desired speed ratio over 
a wide range of load variation. They 
provide high shock absorbency 
against sudden changes and elimi- 
nate “drag” due to temporary over- 
load. Sizes: % to 5 hp. at 1750 rpm. 
Speed ratios: 1.75 up to 2.6 to 1. 
Request Bulletin A458. 


HIGH RATIO — Hi-Lo Hi-Ratio Pul- 
leys provide an extremely wide 
range of speeds for constant speed 
motors up to 1 hp. Double variable 
pitch feature automatically adjusts 
driver and driven belt speeds in ac- 
cordance with distance from motor. 
Sizes and speed ratios: fractional to 
')-hp. model up to 6 to 1, fractional 
to 1-hp. model up to 714 to 1. Re- 
quest Bulletin B455-2. 


ECONOMY — Hi-Lo FHP Pulleys are 
low cost, high quality, compact units. 
They feature exclusive Hi-Lo cam 
design for positive speed control over 
a wide range of load variation. Avail- 
able in three sizes: 4%, % and 1 hp. 
Speed ratios: 2 to 1 for 

Y% and %-hp. models, 

2% to 1 for 1-hp. 

model. Request 

Bulletin C458. 


Give application de- 
tails for specific infor- 
mation. Ask for prices. 


Nationally Distributed Ry 
LOVEJOY FLEXIBLE 
COUPLING COMPANY 
4952H West Lake St. 
Chicago 44, Ill. 
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FLEXIBLE COUPLINGS 


Series 400 flexible couplings for use 
on direct-driven machinery where 
torque is not excessive in relation to 


shaft diameter utilizes steel studs and 


rubber-cushioned sleeve 
lubrication is required. Cast semi-steel 
flanges are accurately machined on 
periphery and face to simplify checking 
alignment. Made in 4 with 114 
134, 244 and 234 in. max bore, re- 
spectively, with standard square keys. 
Ajax Flexible Coupling Co., Inc., West- 
field, N. Y. >559 


bearings. No 


sizes 


SPRING RETURN SWITCH 


PA-070 switch has an improved type 
of construction that eliminates the coil 
spring. A  steel-alloy built into 
the index mechanism of the switch 
controls the spring-return action and is 


spring 


locked into the switch 
during its assembly. Switches with this 
new spring-return feature 
plied as single- 


permanently 


can be sup- 
or double-section units, 
units with line 
Up to 6 positions per section, 
spring-return 
are available. Sections are laminated 
Type PBE per MIL-P-3115. 
breakdown 1000 volts rms. Cen- 
tralab Div., Globe-Union Inc., 900 E 
Keefe Ave., Milwaukee 1, Wisc. ~>560 


or as single-section 
switch. 
including the position, 
phenolic 
voltage 


LAMINATED TUBING 
Two grades of free-machining, pape 
laminated rolled tubing added to 
the Insurok line of laminates meet 
MIL-P-79B or Federal Spec. L-L-31, 
Type 1. Insurok Grade T-300 NEMA 
X complies with MIL Spec Type PBM, 
Form Tr, and Federal Grade X; In- 
surok Grade T-301 NEMA XX meets 
MIL Spec Type PBG, Form Tr, 
Federal Grade XX. 


base, 


Typical properties 


and | 


OF EVERYTHING 
YOU WANT IN A 


vV-O-M 


New Mirrored Scale Plate 

Wider Frequency Response AC Ranges 
New DC Polarity Reversing Switch 

59 Extended AC and DC Ranges 


---and at 
NO INCREASE 
IN PRICE 


THE NEW 


PRECISTON 


MODEL 120 


20,000 ohms/volt DC * 5,000 ohms/volt AC 


all the famous features of 
the original PRECISION 120. 


@ An Extra-Low Resistance Range: 
2 ohms at center scale. 


@ An Extra-Low Voltage Range: 
1.2 volts full scale, AC and DC. 


@ An Extra-High Voitage Range: 
6,000 volts full scale, AC and DC. 


@ An Extra-Large 54” Meter 
with wide-angle, easy-reading scales. 


Model 120: Complete with batteries, test leads 
and tech manual. Overall case dimensions: 
5¥_” x 7” x 3Ye” Net Price $44.95 


Model 120M: For special applications which 
require a V-O-M approaching laboratory 
accuracy Net Price $52.95 


P Available and on display at leading electronic parts 
distributors. Write for complete PRECISION catalog. 


PRECISTON 


Apparatus Company, inc. 
70-31 84 St., Glendale 27, L. |., NW. Y. 


~ Export: 458 Broadway, New York 13 
ee Canada: Atlas RedioCorp., Toronto 19 
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Almost Anyone Can 
Make Solenoid Parts, But... 


Headache-Free Solenoid Application 
Takes Machine Tool Precision 


There may be solenoid appli- 
cation problems that we 
-an’t solve, but .. . we have 
yet to find one. It’s simply 
because we are machine tool 
builders and fully understand 
the basic problems of con- 
verting electrical energy to 
mechanical energy. We’ve been at it for over 
70 years. It’s the reason why Namco solenoids 


For Example: 


Operating in an arc with- 
out proper linkage will 
cause incorrect seating of 
the plunger .. . allowing 
the solenoid to draw par- 
tial inrush current contin- 
vously. This will cause 
overheating and eventual 
malfunction of the solenoid. 


CORRECT INCORRECT 


have superior electrical and mechanical 
characteristics and why we can assure you 
of the one other factor that truly determines 
solenoid life... proper application. 

Namco standard solenoids are available 
in a wide range of push and pull types. 
Custom-engineered solenoids in every size, 
capacity and type can be made to meet your 
specifications. Write us about your applica- 
tion problems stating specific requirements. 


National 


The National 
Acme Company 
Ae rt @u: E. 13lst Street 
Cleveland 8, Ohio 


Sales Offices: Newark 2, N.J.; Chicage 6, Ill.; Detroit 27, Mich. 
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in volume production 
of complex parts... 


The photograph shows a bearing support plate for a new line of power tools 
manufactured and marketed by a large and very capable organization. 


The complex nature of the part is apparent at a glance and the cost of 
machining such a part is evident to the eye of engineer and designer. 


It is on parts of this nature that powder metallurgy offers its greatest ad- 
vantages and its greatest opportunities for the future. 


Such parts require most careful designing of the tooling from which they 
are produced, plus painstaking and tedious effort until the part can finally 
be produced in volume. 


A manufacturer with such requirements naturally turns to Bunting where 
the necessary persistence until success is achieved is one of the Company’s 
recognized characteristics. 

For the unusual, as well as the usual, in bearings, bushings, bars and special 
parts of cast bronze or sintered metals, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed 
Product Engineering Department are at your command without 
cost or obligation for research or aiding in specification of bear- 
ings or parts made of cast bronze or sintered metals for special 
or unusual applications. 


ask 0 WU for YOu COp es 
gF PY 


Bunting's “Engineering Handbook on Powder Metallurgy” and 
Catalog No. 58 listing 2227 sizes of completely finished cast bronze 
and sintered oil-filled bronze bearings available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-3451 


Bunting | 


Branches in Principal Cities 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. 
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of T-301 for a tube with 1 in. ID and 
¥ in. wall show 1 per cent water ab- 
sorption, 19,000 psi compressive 
strength (axial), and electric strength 
(perpendicular to laminations) of 400 
volts per mil min. 

The tubes are easily fabricated with- 
out delaminating or chipping, have a 
uniform appearance and are light in 
color. Available in inside diam up to 
12 in. with wall thicknesses up to 2 in. 
and in lengths up to 48 in. The Rich- 
ardson Co., 2700 Lake St., Melrose 
Park, Ill. >561 


APPLIANCE SWITCH 


Compact appliance switch 6PL41 fea- 
tures high overtravel, has _ special 
plunger mechanism which provides a 
min of 0.200-in. overtravel without cur- 
tailing switch life. Median mechanical 


life is over 2,000,000 operations at full 
overtravel. “Snap-on” terminals speed 
up wiring and the switch can be mount- 
ed from the side or through a panel. 
Nickel-plated plunger and_ threaded 
bushing to complement the design of 
refrigerator, washer, dryer or other 
domestic appliance. One of the two 
mounting holes is elongated to elimin- 
ate the necessity for close tolerance in 
locating mounting holes on the equip- 
ment. Contact arrangement is SPDT. 
Switch may be wired NO or NC and is 
rated for 15 amp, 125 or 250 volts a-c. 
Micro Switch, Div. of Honeywell, Free- 
port, Iii. > 562 


MACHINE UNIT BEARINGS 


Simplex machine unit bearings, de- 
signed for light loads at normal speeds, 
include a single-row bearing of deep- 
groove design with extended inner ring 
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OZALID 


ANNOUNCES 
an important advance 


ior  . ‘ 
mulerovrouooa 


WMsers Y 


Here’s a major event in the microfilm field! 


Now, a new source of microfilm is available to industry. Developed by Ansco 
in close association with Ozalid experts, this fine-grain, high-resolution film 
assures crisp, sharp rendering of detail with consistent results. What’s more, 
this new microfilm is capable of resolving 200 lines per mm. which exceeds 
the exacting requirements in microfilming for engineering, industrial, govern- 
mental, and military specifications. 


Ozalid, the name synonymous with engineering drawing reproduction, now 
offers the most complete microfilm product line available for the engineering 
field and for planetary camera applications ... everything from film to a 
complete selection of cameras, readers, processors, and related supplies. 

Write today for the name of your nearest Ozalid microfilm specialist. He’ll be 


glad to demonstrate the exciting advantages of the Ozalid one-source product 
line. Write: Microline Products, Ozalid, Dept. PP-4, Johnson City, N.Y. 


Available in 16 mm. in 100, 200, and 1000 foot lengths; 
in 35 mm. in 100 and 1000 foot lengths. 


Microline Products, Ozalid Division of General Aniline & Film Corp. 
Microline in Canada, The Hughes-Owens Company, Limited, Montreal. 
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TIME 
MONEY 
TROUBLE 


EL 


SEALECTRO 


iT] 
1 TEFLON’ 
. ea De 


TIME, because here is the simplest, quickest 
installation known today. MONEY, because here 
is the one-piece terminal that eliminates screws, 
nuts, washers, lockwashers. TROUBLE, because 
here is the stay-put terminal proved by millions 
in daily use. And here’s the “Press-Fit” principle 
at a glance: 


@ Insertion tool in drill- 
press (power off) or 
hand arbor, holds ter- 
minal G indexed over 
countersunk hole A. 


O@ Applying pressure, 
the “Press-Fit” termi- 
nal slides easily and 
smoothly into hole, 
because of resiliency 
and self-lubrication of 
Teflon body. 


© “Memory” factor of 
Teflon causes body to 
regain diameter and 
shape within the con- 
fines of the hole, for a 
tight, sealed, perma- 
nent installation. 


All due to critical specifications, tight tolerances, 
rigid quality control, and the unmatched “‘know- 
how” of the pioneer. Ail yours when you insist on 
genuine Sealectro ‘Press-Fit” terminals. 


*Reg. TM of E. |. DuPont de Nemours & Co., Inc 


WRITE ON BUSINESS STATIONERY 
for copy of latest catalog and free 
subscription to TERMINALOGY that 
keeps you posted on terminal 
techniques. 


Cl ey clio 


CORPORATION 


610 FAYETTE AVENUE + MAMARONECK, N.Y 
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and equipped with two set screws for 


locking on its shaft. Separable seals | 


may be used either singly or on both 
sides of bearing. A wire lock ring holds 


the entire unit securely in its straight- | 


bore housing. Bearings are available in 
shaft sizes from %% through 16 in. 
Hoover Ball and Bearing Co.. 5400 So. 
State Rd., Ann Arbor, Mich. >563 


| TAPE-WOUND CORES 


Fully encapsulated, aluminum cased 


tape-wound toroidal cores are packaged, 


ready-to-wind units for use in magnetic 
amplifiers, saturable reactors and spe- 


cial transformers. Epoxy encapsulation 
allows breakdown rating in excess of 
1500 volts, 60 cps rms, between wind- 
ing and aluminum core case. The cores 
non-abrasive, fully 
tacky 
nor brittle and the epoxy coating adds 


have a smooth, 


cured coating which is neither 


a max of 0.015 in. on a side or 0.030 in. 
overall to aluminum case dimensions. 
seals the joint between case and lid 
and fills in the lid area to smooth over 
any surface roughness or irregularity. 
G-L Electronics, Inec., 292] Admiral 
Wilson Blvd., Camden 5, N. J. >564 


SMALL AXIAL BLOWER 


High-efficiency axial blower that can 


deliver 100 cfm against a static pres 
sure of 3.5 in. of water is designed to 
meet appropriate MIL 
powered by a 115 or 200-volt a-c, 400 
cycle, 3-phase motor. Can also be fur 


specs and is 


nished for other power supplies. Hous 
ing and propellor are precision cast of 
aluminum. The entire unit is protected 


gy eeeeerpaey 


UNL ONE |G OLN PHN 


Check oi Vi 


THE NEW 


WINSCOTT 


FILTER 


for Consistent, Faster, Higher 
Quality Plating with Low Main- 
tenance and. Operating Costs 


FLOAT 
ARRANGEMENT 


q Acitator 


Y Keeps Surface Clean Constantly Re- 
gardless of Solution Level 


No Solution Loss Due to Leaks .. . 
Most Important in Precious Metal 
Solutions 


Solution Agitation Built into Filter 


Entire Unit Submerged in Tank, 
Cannot Aerate Solution 

Y Requires Small Space in Tank... 
No Equipment in Aisles 


Y Large Filter Area at Low Cost .., 
Easy to Clean 


Corrosion Resistant Construction 
Throughout 


Exclusive National Sales Representative 
— THE CHEMICAL CORPORATION 
— makers of LUSTER-ON chromate 
conversion coatings for zinc, cadmium, 
copper, brass, aluminum. 


Write for further infor- 
The mation and name of your 
: nearest distributor. 


emical 


Corporation 


63 Waltham Ave. ¢ Springfield 9, Mass. 
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The latest refinement in a long-tested, proved 
and improved explosion-proof combination 
Motor Starter & Circuit Breaker, this new 
Crouse-Hinds Condulet® EPC-M59 brings you 
tomorrow’s convenience, dependability and 
safety at yesterday’s prices. 

Designed to conform with the National Elec- 
trical Code requirements for Class I, Groups C 


and D;; Class II, Groups E, F and G; and Class 
III, it provides for built-in breathers and drains 
. built-in push-button stations, selector switch 
and pilot lights . . . seven taper-tapped conduit 
entrances . . . starter below breaker for safe, 
easy maintenance . . . compact design to permit 
a greater number of controls in any given area. 
Now available in 7” and 9” sizes for Sizes 1 
and 2 starter combinations. For more detailed 
information consult your Crouse-Hinds dis- 
tributor, or any of the offices listed below. 


CROUSE @HINDS 


MAIN OFFICE AND FACTORY: ira NEW YORK 
Crouse-Hinds Company of Canada, Ltd ront nt 


Crouse-Hinds Instrument Company, Inc., Silver one Maryland 

@ CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proot and Conventional) @ FLOODLIGHTING 

@ TRAFFIC CONTROL SYSTEMS © AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 
These products are sold exclusively through electrical distributors. For application engineering help, contact 
one of the following offices: Atlanta Baton Rouge Birmingham Boston Buftalo Charlotte Chicago 
nnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis 
Kansas Cc ity Los Angeles Milwaukee New Orleans New York Omaha Philodelphig Pittsburgh 
Portland, Ore St. Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 

Resident Representatives: Albany Baltimore Reading, Pa Richmond, Va. 
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WHY Durakool Relays and Switches 
offer you reliable service ... Longer 


Durakool products minimize wear from 

arcing and have virtually eliminated 

destructive heat rise (less than 50°C rise 

Tiked Dewn ambient) and corrosion. Contacts 

ON operate under sealed in (50 p.s.i.) hydro- 

gen gas. Result: unequalled durability on 

Tilted Up heavy or light loads as well as highly 

inductive, incandescent D.C. loads. The 

Durakool steel-clad (non-breakable) mer- 

cury relays and switches are built for 
continuous fast-cycling schedules. 


Timer-relay service life has increased Colt COIL 

up to 6 times former models. Plunger ENERGIZED DE-ENERGIZED 
designed to stay free, making unit 

practically “fail-safe.” Tilt switches 

come in 7 sizes, 1 to 65 amperes. 

Timer relays available in any combi- 

nation of operate-release-time-delays 

from 0.15 sec. to 20 sec.—normally 

open or normally closed action. 


For more information 
on timer-relays and switches, write: 


DURAKOOL, INC. 


ELKHART, INDIANA Durakool 
1969 Avenue Rd, 


Toronto, Ontario 


301 Fifth Ave., So., Minneapolis, Minn. ALL STEEL MERCURY SWITCHES 
4747 Bronx Blvd., New York 70, NW. Y. 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


YIM DIV. of ELECTRO DEVICES, Inc 


4 Godwin Ave Paterson. N. J 
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against severe environments. Motor is 
cooled by the airstream. Power input 
at peak air volume is 120 watts. Unit is 
23% in. long x 2.812 in. diam with the 
3-in. servo ring attached. Weighs 14 
oz. Three mounting options available: 
by clamp to servo flanges, by an out- 
side diameter clamp, or by use of a 
special flange. Globe Industries, Inc., 
1784 Stanley Ave., Dayton, Ohio. 565 


LINEAR-DISPLACEMENT 
TRANSDUCERS 


High-temperature ATC _ differential 
transformers, Types 6208 HHK and 
6206 HHK, are now available for pro- 


totype and model evaluation. These 
units, which operate continuously at 
1000 F and withstand 2000 F for periods 
up to 5 min., are wound on ceramic 
bobbins, with leads terminated on lugs. 
Lead wires, fish-spline insulated, are 
supplied up to 3 ft long. The 6208 
HHK is for linear displacement mea- 
surements up to +0.150 in.; 6206 HHK 
for displacements up to +0.500 in. 
Automatic Timing & Controls, Inc., 
King of Prussia, Pa. > 566 


HIGH-TEMPERATURE 
POTENTIOMETER 


High-temperature version of Series 42 
wire-wound precision potentiometer is 
designed to operate at temperatures up 
to 230 C with a 0.25-watt rating. Re- 
sistance change after 255 hr at 230 C 
is less than 0.1 per cent. Insulation 
resistance is 10 k megohms min. In- 
dependent linearity is +0.5 per cent 
with noise less than 5 microvolts. 
Supplied with screw terminals in 
bushing-type mounting. Servo type can 
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It takes a TEAM 


to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
aydon maintains 


ual technologies. For this reason, 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 
When you submit a timing problem to Haydon, it’s 
handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 
Team is a with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 


application. 
Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 


release to a customer. The results are uniformly high 
quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 


for you? 

A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 


DIVISION OF 
GENERAL TIME CORPORATION 


Haydo 


aaa 

777 oe 
HOURS 

ano TENTHS 


ELAPSED TIME 
INDICATOR 


ED-71 
Compact, low-cost instrument 
for machine tools, 
communications equipment and 
other commercial applications 
where an accurate record of 


operating time is desired. 
Time Registered: 9,999.9 hours. 


Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 


2.5 watts at 120 v, 60 cps. 


TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 
ounce-inches to 30 ounce-inches 
at I rpm. Voltage ranges 
103-132 and 206-264 vac, 


50 or 60 cps. 


INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 
cnttabt. Type AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
our specific requirements can 
js supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 


2528 EAST ELM STREET 
NB: 20 | 
non-inductive; 1 hp, 240 vac. 


Haydon 
TORRINGTON, CONNECTICUT 


AT TORRINGTON 


Headquarters for Timing 
Circle 311 on page 17 


APRIL 1959 





With th XNA T ° ti T h . also be furnished. Sleeve-type bearings 
furnished in standard configuration. 

| C ermina lon eC nique Ball dis a1 ak va 
ball bearings, 2 oz-in. max; with sleeve 


bearings, 4 oz-in. max. Clarostat Mfg. 
Co., Ine., Dover, N. H. > 567 


LOCKING-TY PE 
PUSHBUTTON SWITCH 


Pushbutton switclies, designed for sav- 
ing panel space, mount easily on 5% in. 
centers, are ruggedly constructed with 


plated steel frames. Contact leaves are 
of nickel silver, contacts of fine silver, 
with finger-tip pushbutton of molded 
plastic. Available in standard 3-amp 


rating and in a wide variety of circuits. 
Design is readily adaptable to meet 
special circuit or rating requirements. 
Richards Electrocraft, Inc.. 4432 N. 
Kedzie Ave., Chicago 25, Ill. >568 
LAMINATE 

A fine punching grade of Spauldite, a 


laminated thermosetting plastic Grade 

802, combines clean punching with 

; toughness not possible in paper base 

IS the best feature grades; recommended where smooth 

machined or punched edges are re- 

quired, combined with mechanical 

. toughness in all directions. Available 

All the unusual features of the A-MP tool- in sheets or fabricated parts. Spauld- 

and-terminal method which have created ing Fibre Company, Inc., 310 Wheeler 

AMP’s outstanding reputation are a result St. Tonawanda. N. Y. >569 
of one major feature: experience or “know , 

how”. 


MINIATURIZED LINEAR 


This experience is unmatched by any other 
organization in the world. The proof of it is 
in AMP’s electrical circuit terminations, 
that is, a fine A-MP terminal crimped 
precisely and uniformly to your circuitry 
leads. A-MP “know-how” also means the 
lowest total installed cost—no extra parts, 
no multi-step assembly operations .. . just 
an A-MP tool and a supply of A-MP 
terminals. 


Highest reliability without fuss or muss at 
the lowest total installed cost anywhere 
.». experience says you can’t beat such 
a combination. 


Why not write for more information today on 
your particular circuitry termination §re- 
quirements. 


BALL BUSHINGS 


Ball bushings INST-258 and INST-396 
are for use on shaft diam of 0.1246 
and 0.1871 in. Overall dimensions: OD 
0.3125 in., length 0.5 and 0.375 and 
0.562 in. respectively. 

Despite their small size, each bearing 
contains three complete ball circuits, 
each containing 16 balls in the smaller 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through subsidiary 
companies in; Canada « England « France « Holland « Japan (Continued on page 315) 
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AMPOWER 


#2 AWG through 1125 MCM 
Positive attachment and highest conductivity for solid, 
stranded or combined conductors 


Wire stops and inspection ports assure 
proper insertion depth of cable 


Double thick tongue for 
re TeMe le MUM lets: 
or special lengths 


Bell mouth opening 
aids in wire insertions 


Finest annealed copper, electro-tinned 
for maximum corrosion resistance, highest 
route baa Lil Moho ul Seo e meat 


One or two (NEMA) stud holes or blank tongued 


AMPOWER Terminals and 


Matching Dyna-Crimp precision tool is an electri- Car viges 
Splices plus Dyna-Crimp 


cally operated, hydraulic tool which combines 
the mobility features of a hand tool with the 
strength and precision of a bench mounted attachments you can buy... at 
press. The tensile strength of the formulated “C” the lowest total installed cost. 
crimp which Dyna-Crimp creates approaches For more information, request 
that of the cable tensile strength. our new AMPOWER 


brochure... 


ANMIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada + England « France «+ Holland « Japan 


tooling are a matched team that 
give you the finest finished 
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This is one of a series of information 


sheets that discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series supplied on request. Address: 


Advertising Dept., Kaiser Aluminum & 
Chemical Sales, Inc., 919 N. Michigan 
Ave., Chicago 11, Illinois. 


ALUMINUM IN LOW TEMPERATURE APPLICATIONS 


Tue STRUCTURAL QUALITIES of alumi- The requirements of commercial gas of millions of cubic feet annually, this 

num and its alloys are actually improved applications are filled chiefly by four reduction in handling bulk is of immense 

at ultra-low levels of temperature, such industrial gases (see Figure 1). Oxygen, economic importance. 

as are encountered in the manufacture nitrogen, argon and helium—in that 

and handling of liquid gases. Tensile order of volume—comprise much the 

and yield strengths rise markedly, and greater portion of commercial gas manu- 

percentage of elongation increases. As facture. Oxygen, nitrogen and argon are 

the lowest-cost metal capable of per- among the gases that are produced by 

forming satisfactorily at temperatures liquefying air at -320°F. to effect a sep- 

below —150°F., aluminum is thus valu- aration of each gas at its individual boil- 

able to the rapidly expanding field of ing point as a liquid. Equipment for this taking advantage of their extreme con- 

cryogenic applications. production can use, and has used, large centration in the low-temperature liquid 
Aluminum alloys also are unique quantities of aluminum alloy sheet, tate, 

among commercial metals in their com- plate, extrusions, tubing and pipe. 

bination of high strength-weight ratio, These gas products, along with natu- 

corrosion resistance, formability, weld- ral gas (mostly methane) are reduced 

ability, reflectivity, and conductivity of by cooling and liquefaction to volumes 

heat and electrical energy. Also impor- only about 1/600 to 1/800 of their gas- 

tant for purposes of handling volatile eous volume. And because consumption 

liquids, aluminum is non-sparking, non- by industry in both old and new appli- 

magnetic and non-toxic. cations currently amounts to hundreds 


One of the latest military missiles, 
for example, consumes 420 cubic feet 
of liquid oxygen... 336 thousand cubic 
feet as gas...in a 90-second firing 
period. These liquefied gases may be 
stored and moved in aluminum alloy 
double-shelled insulated tanks, thus 


FIGURE 1 


SOME PROPERTIES OF COMMERCIAL GASES 
BOILING POINT OF LIQUID DENSITY APPROX. VOLUME 
LIQUID GA AT BOILING POINT GAS DENSITY * INCREASE, 
(Fahrenheit) (Lbs./cu.ft.) (Lbs./cu.ft.) LIQUID TO GAS* 


OXYGEN -297 71.2 0.089 799 
NITROGEN -321 50.4 0.078 650 
ARGON -302 88.02 0.1114 770 
HELIUM -452 7.82 0.0111 700 
NATURAL GAS -265 25.9 0.0447 580 asin 


(Chiefly Methane) Double-shelled mobile liquid-oxygen tank, produced 
* Gas at normal temperature and pressure. with Kaiser Aluminum alloy 5086. Used in fueling mis- 
siles, this tank is being loaded for transport by air. 


FIGURE 2 


TYPICAL TENSILE PROPERTIES OF SOME ANNEALED ALUMINUM ALLOYS 
APPROVED BY ASME FOR UNFIRED PRESSURE VESSELS 
ASME SECTION TENSILE STRENGTH ASME ALLOWABLE MINIMUM REQ'D PERCENT ** 
ALLOY DESIGNATION OR CASE NO. (psi) DESIGN STRESS WELDED TENSILE ELONGATION 
AA ASTM Ultimate Yield * VALUES (psi) STRENGTH (psi) 
1100 990A 13,000 5,000 2,350 11,000 35 
3003 MIA 16,000 6,000 3,150 14,000 30 
3004 MG1I1A 26,000 10,000 5,650 23,000 20 
5050 GIA 21,000 8,000 4,000 18,000 24 
5052 GR20A 8 28,000 13,000 6,250 25,000 25 
5154 GR40A 1174 35,000 15,000 7,350 30,000 27 
5086 GM40A 1222 38,000 17,000 8,700 35,000 22 
5083 GM41A 1247 42,000 21,000 10,000 40,000 22 
* For metal temperature not exceeding 150°F. Nominal chemical compositions: 
** In 2 inch flat i.’ gauge specimen at 75°F. 5154— Magnesium 3.5%, Manganese 0.05%, Chromium 0.25% 


5086 — Magnesium 4.0%, Manganese 0.45%, Chromium 0.15% 
5083 —Magnesium 4.45%, Manganese 0.75%, Chromium 0.15% 
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DESIGNING WITH ALUMINUM No. 30 (Continued) 


FIGURE 3 


STRESS IN 1000 PSI 


297 


HELIUM — 462 
NITROGEN -321 
ARGON - 302 
OXYGEN- 
NATURAL 
GAS -265 
TYPICAL 


~300 ~-250 -200 


-150 


TYPICAL TENSILE PROPERTIES 
OF ALLOYS 5083-0, 5086-0 AND 
5154-0 AT LOW TEMPERATURES... 
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DEGREES FAHRENHEIT 


Several weldable aluminum alloys 
have been approved by the American 
Society of Mechanical Engineers as safe 
and suitable for construction of unfired 
pressure vessels such as are used in the 
handling of liquid gases. 


Figure 2 tabulates typical tensile 
properties and the design stresses per- 
mitted by the ASME Code for some of 
these alloys, including high strength 
aluminum-magnesium compositions. 
All values shown are for metals in the 
annealed state. Kaiser Aluminum alloys 
5083 and 5086 are the strongest ASME- 
approved aluminum-magnesium-man- 
ganese alloys that can be fabricated into 
these welded vessels by all normal 
methods, without need for stress-reliev- 
ing or annealing. Both of these Kaiser 
alloys 5086 and 5083, when welded 
with 5183 filler, also meet the stringent 
“2T” bend test requirements for welds 
established by ASME for most other 
materials in these unfired pressure ves- 
sel applications. 

The allowable design stress values 
shown are specified by ASME as accept- 
able for vessels and appurtenances from 
150°F. down to -325°F. These permis- 
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sible values are roughly two-thirds of 
the minimum guaranteed yield strength 
of the alloy at room temperature. Since 
the ultimate tensile and yield strengths 
of aluminum alloys increase as temper- 
atures drop, the margin of safety rises 
still further at liquid gas temperature 
levels. 


FIGURE 4 
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THERMAL EXPANSION CURVE 
FOR ALLOYS 5083-0 and 5086-0 
BETWEEN 68° and —320° F. 

t ie t 


PERCENT LENGTH CHANGE 


ALUMINUM 


Kaiser Aluminum 


The low temperature behavior of al- 
loys 5154, 5086 and 5083 is exemplified 
approximately in Figure 3. Ultimate 
strengths increase by about 50% from 
room temperature to —320°F. Yield 
strengths rise by about 18%. Thus, at 
the —320°F. level, the yield strengths of 
these three high-strength alloys approx- 
imate 2 1/ times the stresses allowed for 
pressure vessel design by the ASME 
Code. 


Through the same temperature range, 
percentage elongation properties have 
been shown by test to increase 60% or 
more, reaching the magnitude of 40% 
elongation at —320°F. 


This added strength and ductility 
contribute much to structural depend- 
ability against both mechanical shock 
and large temperature differentials in 
different portions of the same aluminum 
part or system. 


The thermal contractions encoun- 
tered in ultra-low temperature equip- 
ment are larger than those to be 
accommodated in ordinary design ap- 
plications. For example, an aluminum 
member 25 feet long contracts by about 
114-inch through the range from 68° to 
—325°F. Figure 4 shows these thermal 
expansion characteristics, as typified by 
aluminum alloys 5086 and 5083. 


The low elastic modulus of aluminum 
also contributes to its suitability for 
low-temperature equipment by mitigat- 
ing the adverse effects of thermal con- 
traction. Thermal deformations cause 
much smaller increases or decreases of 
stress in aluminum parts than in equiv- 
alent stainless steel parts. The repre- 
sentative #304 stainless steel listed in 
Table 4 will contract only about 70% 
as much as the high strength weldable 
aluminum alloys, for any given drop in 
temperature. However, the aluminum 
alloys have an elastic modulus of about 
10,300,000 psi, roughly one-third that 
of the steel. Because of this difference 
in elastic moduli, the stress changes 
resulting from thermal deformation 
through any given temperature change 


THERMAL EXPANSION COEFFICIENTS 
OF ALUMINUM ALLOYS AT LOW TEMPERATURES 
Average Coefficients of Thermal Expansion 


(x 10°° per degree F.) 


68° to 
-200’ F. 


68° to 
ALLOYS =-320'F 
1099 11.8 10.5 
3003 11.2 10.0 
5083 11.6 10.4 
5086 11.6 10.4 


6061 11.3 10.2 


#304 Steel 77 7.4 


(Stainless) 


CONTINUED ON NEXT PAGE m 
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DESIGNING WITH ALUMINUM No. 30 (Continued) 


Assembly of welded aluminum vessel for a liquid-oxygen generating plant. 
Such plants serve the steel and chemicals industries 


will be lower in the aluminum than in 
the steel. 


One example of the advantages of- 
fered by this capacity for large elastic 
thermal deformations is the ability of 
aluminum alloy flanged joints, using 
2024-T4 aluminum bolts, to maintain 
joint tightness under cyclical tempera- 
ture conditions between 250°F. and 

320°F. A bolt-loosening effect natu- 
rally occurs during the initial contrac- 
tion of the pipe bore as it is cooled to 
liquid-gas temperatures, while the outer 
flange and the bolts remain relatively 
uncontracted at ambient levels. This 
tends to reduce gasket seating pres- 
sures. However, the loss of stress in alu- 
minum bolts and flanges during thermal 
contraction of the pipe is much less than 
that occurring in equivalent steel parts. 
This ability to maintain stress during 


314 


thermal deformations, along with the 
use of a soft aluminum profile gasket 
next to the bore, maintains adequate 
sealing while the flanges and bolts also 
cool. Since it often is desirable to bolt 
an aluminum flanged line to a stainless 
steel flanged line, for heat-dam pur- 


See out Cotelog in 


KAISER 


we? 
OF 


E; 


or write for copy 


Kaiser Aluminum 


poses, this elastic property dictates that 
aluminum alloy 2024-T4 bolts should 
be used. 


Metallurgical Research Data 
Now Available 


Since most liquid-gas containers re- 
quire a high vacuum between outer and 
inner shell to achieve the best possible 
insulating conditions, external pressure 
design charts have been developed by 
the Kaiser Aluminum Department of 


FIGURE 5 


SOFT 
ALUMINUM 
PROFILE 
GASKET 
1100-0 ALLOY 


ALUMINUM 
FLANGE 
6061-T6 ALLOY 


ALUMINUM BOLTS 


18-8 STAINLESS 2024-14 ALLOY 


STEEL FLANGE 


Metallurgical Research for each of the 
high strength alloys. These charts, and 
other information on aluminum use in 
low temperature applications, are avail- 
able to interested manufacturers. 


For immediate attention to your re- 
quest for these charts and other tech- 
nical information—or for engineering 
assistance in your own applications — 
contact the Kaiser Aluminum sales office 
listed in your telephone directory. 
Kaiser Aluminum & Chemical Sales, 
Inc., General Sales Office, Palmolive 
Bldg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 12, Calif. 


ALUMINUM 


THE BRIGHT STAR OF METALS 


Circle 314 on page 17 
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and 17 balls in the larger ball bushing. 
Applications include guidance, _ fire 
control and navigation systems, com- 
puters, inertial devices and instruments. 
Outer sleeve and balls are made from 
stainless steel; ball retainer is brass. 
An alternate material is 52100 chrome 
bearing steel. Where required, shafts 
having a surface finish of 2-4 rms are 
supplied, individually fitted to bushings 
to provide clearance of 0.0001 in. min 
and 0.0003 in. max. Thomson  In- 


dustries, Inc., Manhasset, N. Y. —»570 


CAPACITOR MOUNTING CLIP 


Speed Clip, which provides fast, vi- 
bration-proof retention of capacitors, 
is first snapped over the capacitor. With 
clip attached, the unit is then posi- 


bd 


tioned over a rectangular panel hole in 
the chassis and spring legs are snapped 
over the panel edges to complete the 
assembly. Flexibility allows each clip 
to retain capacitors of varying sizes 
with no loss of holding power. De- 
signed for use with any capacitor with 
a diam ranging from 314, to 15% in. 
and can also be used for cable, tube 
or harness retention, or on any round 
member requiring a_ front-mounting 
fastener. Tinnerman Products, Ince., 
8700 Brookpark Rd., Cleveland 1, 
Ohio. >571 


D-C TO D-C CONVERTERS 


S.L.C. Model 12-500D series d-c to d-c 
static converters, encapsulated for reli- 
able operation under extreme environ- 
mental conditions, feature efficiency 
as high as 90 per cent in  applica- 
tions requiring high-voltage d-c such 
as aircraft, missiles, mobile and marine 
equipment. Units are completely pro- 


Industrial Relays by KELLOGG 


£ 


+ ee a 
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Type “AK”’ Relay 


Highly sensitive, adaptable for mar- 
ginal operating; provides fast closing 
and opening of maximum number of 
circuits ... long coil construction per- 
mits use of high resistance coils... 
may be engineered to operate on as 
little as .002 amps; slow operate or 
slow release models available. 


Mercury-switch relay 


For hazardous atmospheres: contact- 
ing elements hermetically sealed... 
will handle maximum of 25 amps., at 80 
volts...must be mounted horizontally. 


Duo-Quintet Relay 


Designed for application as a memory 
device ...can also be used in binary 
or binary decimal storage. 


Magnetic Impulse Counter 


Used to solve switching or control 
problems where the intelligence is 
supplied in the form of a series of 
electrical impulses... wide applica- 
tion in industrial control, computer 
design, telephone, microwave selective 
signalling and telemetering. 


Type “L”’ Relay 


A small version of telephone type re- 
lay... retains flexibility, sturdy con- 
struction and reliability of standard, 
telephone type relays, yet compact, 
lightweight and extremely versatile. 


The “4000” Relay 


Built to fulfill exacting requirements 
demanded by the modern industrial 
control designer...a high quality, gen- 
eral purpose, telephone type relay, 
with long life and extreme reliability. 


Kellogg will gladly engineer relays 
to meet any application—call 
Kellogg — or write — for full infor- 
mation on the complete Kellogg line 
of relays, components. 


Kellogg Switchboard and Supply Company, 
6650 South Cicero Avenue, Chicago 38, Ill. 
Communications Division of 
International Telephone and Telegraph Corporation 
Manufacturers of: Relays 
Hermetically Sealed Relays + Switches 
Miscellaneous Telephone Type Components. 
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REVCOR 


we can keep 
you informed 
of the latest 
developments 


"AIR 


IMPELLERS 


BLOWER WHEELS 


Single and double In- 
let. Diameters from 
3-27 /32"' te 38°’. 
Widths 1” to 15”’. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for ail 
applications. Di- 
ameters from 6” 
through 48”, 


AVAILABLE 


gate tala ett ial 
ing the complete 


tsa 


REVCOR 1c. 


257 EDWARDS STREET 
CARPENTERSVILLE, ILL 
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tected against overload and short cir- 
cuit. 

Output ripple is less than 0.02 per 
cent; input switching hash is less than 
50 mv rms. Multi-output configura- 
tions feature output voltages that can 
be drawn simultaneously. 

Standard units are non-regulated. 
Regulation to -+0.1 per cent also 
available. Operating temperature 
range is from —40 to +-70 C. Size: 
3% x 444 x 5% in. high. Weight: 6 
lb. Static Inverters Corp., 2501 E. 68th 
St., Long Beach, Calif. >572 


TRIMMING POTENTIOMETER 


To withstand severe vibration and 
shock, the resistance element of the 
Ultrimmer potentiometer is embedded 
in an alkyd resin. Has a max tem- 
perature coefficient of 25 ppm per deg 


a i@ 
ee 


ams 


AZ 


25-4 


C, and can also be supplied for tran- 
sistor circuitry with a high positive 
temperature coefficient. Uses welded 
construction and Teflon-insulated lead 
wire. Humidity and moisture are shut 
out by an O ring on the shaft. 
Another feature is a unique clutch ar- 
rangement which prevents overtravel 
of the slider, and assures a positive 
starting grip on the positioning screw. 
Ranges run from 200 to 100 k ohms 
with zero end resistance and standard 
tolerances of +5 per cent. Cylindrical 
units can be screwed directly into a 
tapped panel hole or secured by a lock- 
nut. Ultronix, Inc., 111 E. 20th Ave., 
San Mateo, Calif. ->573 


NYLON BLOWER WHEELS 


Series GA nylon blower wheels, light 
in weight and non-corrosive, for re- 
frigerators, movie projectors and other 
small air-moving appliances, are de- 
signed for installation in standard pro- 
portioned housings with unit-bearing 





Hoffman 


OIL-TIGHT 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


WALL MOUNTED, 
in 18 stock sizes. 


vtOOR MOUNTED, 
in double door or 
multiple door 
units —11 

stock sizes. 


JIC 
NEMA 12 | 
PANEL| “ ENCLOSURES 


Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 

welded construction. No 

holes or open seams. 
Alsoavailable in NEMA 

types 1, 3, 4 and 5. 


JIC 
WIRING 
BOX 


Heavy gauge 

steel, welded 

seams. No knockouts or holes to 

leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4”x 4"x3” to 16”x 14”x 6". 


PUSHBUTTON <a 
ENCLOSURES | “ 


| 
A complete selection 
of types and sizes. 
Fine quality con- | 
struction and finish. 
Welded seams. Cover | 
has neoprene gasket. 
Holes take any 
standard oil-tight 
pushbutton. Types 

»! 
range from ‘‘Stand- — 
ard” as shown, to Extra Deep, Slim 
and Pendent. For one to 25 pushbuttons. 


4 OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 


2 


Fo 


Perfect protection tor 

control wiring. Neoprene gasket 

on cover and between joints seals 

out liquids and dust. Easy to assemble. 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 244*x 244”, 
4”x 4” and 6”x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc. 


We also build enclosures to customer specifications 


ENGINEERING 
CORPORATION 


Dept. EM-122 Anoka « Minn. 
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Auto-Lite gives you One-stop ean 
on all basic hook-up insulations 


nd ahaha eh ee de deh tele pin 


PVC PVC. ~—3—™—SO~PV:~=SOsSSILICONE.—C TEFLON 


(polyvinyl with nylon with glass taped or 
chloride) servings R U B B E R extruded 


or braids __ with or hook-up wire 
without braids 


Whatever your wire problem, 
you'll find the answer at Auto-Lite COLORS « MARKING 


¥ . . “ HIGH & LOW TEMPERATURES 
ou get unmatched service on any wire problem at the 

ABRASION « FLEXIBILITY 
new Auto-Lite Wire Research Laboratory at Port — 
Huron, Michigan. This ultra-modern facility is com- VIBRATION + OVERLOAD 
pletely equipped to perform all qualification tests of RESISTANCE TO CHEMICALS, 
wire for military specifications. These facilities are also SOLVENTS, OIL, FUELS, 
available to solve your problems quickly and efficiently. MIL SPECS: MIL-W-16878 


ANY QUESTIONS? Our new Wire Research Center TYPES B, C, D, E, EE, F, FF, N, 


will give you quick answers to your wire problems. Write MIL-W-76A, NAS-702, NAS-703 
for full information. 


AUTO-LITE General Products Group 
Wire & Cable Division, 


Toledo 1, Ohio 
Please send complete magnet wire catalog 
a Name 
® ee 


GENERAL PRODUCTS GROUP Address 
WIRE AND CABLE DIVISION * TOLEDO 1, OHIO City and State 


Plants at: Hazleton, Pennsylvania « Port Huron, Michigan 
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THREE KLEIN PLIERS 


to make electrical wiring easier 


Here are three newly engineered Klein Pliers which will solve diffi- 
cult problems in the wiring of electronic assemblies. Catalog 101-A 
describes these and scores of other pliers in the complete Klein 
line. If you wire electronic assemblies, write for a copy. 


ALL-PURPOSE ELECTRONIC PLIER 
Patent pending 


Shear blade cuts flush and holds clippea 
end of wire 


Requires no sharpening; will cut hard or 
soft wire. Smooth, continuous action pre- 
vents shock which may damage resistors. 
For bare wire up to 18 gauge. 

No. 260-6—length 6%” 

No. 260-6C—with coil spring that holds 
jows open 

NEEDLE-NOSE PLIER Potent pending 


Similar to No. 260-6 but nose has been 
slimmed down to permit use in confined 
areas. 


No. 261-6—length 6%” 


No, 261-6C—with coil spring to hokd jaws 
open 


ks ay 


LONG-NOSE PLIER—KNIFE AT TIP 
Pat. No. 2,848,724 


Jaws behind blade hold clipped wire 
end firmly 

A shear-cutting plier that will cut hard or 
soft wire. Blade is at the tip of the plier. 
Supplied with coil spring to keep jaws 
apart. 

No. 208-6PC—length 6%” 


Write for 

Catalog 101-A, 

which shows the 
complete line of Klein 
Pliers, including 20 pliers 
recently developed. 


: | Mathias es se & Sons 


itary McCORMICK ROAD + CHICAGO 45, TE 
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mounting. Extremely high performance 
claimed for size range in diam from 
2 to 3 in. Air Impeller Div., Torring- 
ton Manufacturing Co., Torrington, 
Conn. >574 


TRANSISTORIZED D-C TO 
D-C CONVERTERS 


For incorporation into a wide variety 
of battery-powered airborne and mobile 
electronic equipment, transistorized d-c 
to d-c converters QC series provide 


standard output voltages from 50 volts 
d-c (30 on 12-volt models) to 1000 
volts d-c. Powers to 200 watts in 12- 
volt models, to 150 watts in 28-volt 
models and to 90 watts in 6-volt models. 
Instantaneous starting and low noise 
levels recommend the series for both 
commercial and military applications. 
Sorensen & Co. Inc., Richards Ave., 
So. Norwalk, Conn. 575 


SILICON TRANSISTOR 


High-speed, high-gain, silicon p-n-p 
alloy junction transistor with excellent 
switching and gain characteristics, 


coupled with low saturation resistance, 
is packaged in a TO-9 case for use in 
d-c amplifiers and other linear applica- 
tions. General Transistor Corp., 91-27 


138th Pl., Jamaica 35, N.Y. >576 


MICA-FORMED, INORGANIC 


BONDED TUBES 


Tubes and coil forms that remain phy- 
sically stable and without loss of 
insulation value at 1100 F are fabri- 
cated by a new technique which makes 
possible high-production spiral winding 
of inorganic bonded muscovite mica 
paper. These Pyrotherm tubes have 
tested 80 volts per mil electrical 
strength and 3.4 x 10° volume resistivity 
after 1000 hr. Exceptionally resistant 
to heat and cold shock and unaffected 
by ordinary neutral lubricants or or- 
ganic solvents, these tubes can be 
supplied in round, square or rectan- 
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The 
Systems 


Approach 
To 


POWER 
CONVERSION 


The 60 to 400 cycle frequency changing motor generator set 
and complete controls are mounted together on the skid base. 
This smaller type cubical contains all necessary meters, laced 
and channeled circuitry, motor starter with stop and start push 
buttons and a Kato static REGOCITER combination voltage 
regulator and static exciter. Kato MAGTROL static regulators care 
manufactured for use with brushless AC generators which must 
have rotating exciters. 


Investigate Kato’s complete line 60 and 400 cycle genera 
tors various speeds brushless or slip ring types m ‘tor 
generators for all power converting needs — complete line of 
controls for all rotating electrical machinery 


NOW KATO’S complete line of generators is 
also available in brushless design 


a eeeeeese0deede8 


VARIABLE FREQUENCY MOTOR GENER 

ATOR SETS in a wide range of styles and aa 
sizes. Extensively used as a source of vari- 

able frequency power to synchronize speed 

changes of two or more drive motors 

Common frame design or separate units, 

belted or direct coupled as desired 


WRITE TODAY 
Engineering Compan FOR DETAILS 
AND FOLDER! 


128 MAXFIELD AVE., MANKATO, MINNESOTA 
BUILDERS OF FINE ROTATING ELECTRICAL MACHINERY SINCE 1928 
Circle 320 on page 17 
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STRENGTH to take it 
WHEN YOUR PRODUCTS 


ARE ABUSED! 
Zt ABUSE: 


BRUSH HOLDERS 


High impact strength is only one of 
the advantages you get with Phoenix 
“Pemester” Brush Holders... They 
are molded to close tolerances, and 
hold dimensional stability up to 
400°F...Whether your products get 
abuse from overloads or impact 
jolts—they stand a better chance 
to survive with “Pemester” 
Brush Holders. 

“Pemester” is available only from 
Phoenix, in addition to brush 
, holders and caps in all standard 
~~ body materials. Complete data on all 
Phoenix Customized-Standard Brush 

Holders in Catalog 57-L. 


ARES A TESTES CO ALAS CR 
PHOENIX ELECTRIC MANUFACTURING CO. 


3625 N. Halsted Street Chicago 13, Illinois 
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w.. CAN USE these new, sub- 


miniature switches wheré posi- 
tive, snap action — with long 
life and dependable operation 
over a wide temperature range 
— is vital to control circuits. 
Up to +650F, or down to 

65F, the UNIMAX Type FC 
switch provides precise control 
in small space, Type FC-1 has 
welding-tab terminals; Type 
FC-2 has threaded-stud ter- 
minals. 


A descriptive data sheet will be 
sent on request. For detailed 
test data covering temperature 
characteristics, life, repeatabil- 
ity, and vibration and shock 
resistance, write on com- 
pany letterhead for Report 
No. RFC-12. 


ELECTRICAL RATINGS 


4 amperes, resistive, 
, at 18-30 volts d-c 


« VAR ace 
2) ES 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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WEST VIRGINIA 
PRESSBOARD 
INSULATION 


iK\ 


FULL LINE is LOW COST 
Better Dielectric Quality 
No Metallic Particles... 
100% Virgin Kraft Stock 
Wide Choice of Thicknesses 
Uniform Quality 


PRESSITE 

For Air... Oil... Askarel Trans- 
formers. An absorbent, unsized board 
of 100% virgin kraft stock free of 
metallic particles. Excellent dielec- 
tric, physical and chemical properties. 
Thicknesses: .031” to .250”. Color: 
natural kraft. 


ELECTRITE 


Harder Board for Variety of Punch- 
ings. A high grade board treated with 
natural rosin size for moisture resist- 
ance. High tensile strength. Punches 
clean. Thicknesses: .031’ to .250”. 
Two colors: brown and black. 


DENSITE 
Extremely Hard Board . . . Sized or 
Unsized. Used by many manufac- 
turers to replace more costly types of 
insulation. Thicknesses: .031’ to 
.125”’. Color: natural kraft. 


Write: Board Products Sales, West 
Virginia Pulp and Paper Company, 
230 Park Ave., New York 17, N. Y. 


vy 


West Virginia 
Pulp and Paper 
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gular shape, lengths from %¢ to 48 in., 
OD from ¥% to 6 in., and wall thickness- 
es from 0.004 to 0.060 in. Resinite 
Corp., Div. of Precision Paper Tube 
Co., 2035 W. Charleston St., Chicago 
44, Ill. 


TOTALLY ENCLOSED MOTORS 


Line of single-phase motors in totally 
| enclosed fan-cooled and UL-approved 
| explosion-proof frames are available 
in 2, 4 and 6-pole speeds, built in 


rerated NEMA frames 182, 184, 213 





Ratings range from 34 to 5 


and the centrifugal 
completely 


and 215. 
hp. Capacitor 
mechanism are 
within the front end head, providing 
added protection for these parts and 
cleaner overall appearance. Completely 
protected with special rust- and cor- 
rosion-resisting coatings and equipped 
with double-width, fully 
lubricated ball bearings. In addition 
to the motors described, the line of 
open-protected single-phase motors has 
been expanded to include ratings to 20 
hp. Robbins & Myers, Inc., Motor 
Div., Springfield, Ohio. 


enclosed 


sealed, pre- 


SERVO AMPLIFIER 


Model AS-20 servo amplifier, designed 
for use in critical heavy-industry and 
automation applications, uses semi- 
mechanically and electrically “rugged- 
ized.” Unique input circuit will operate 
unharmed with continuous input over- 
2500 per Electrical 
characteristics at 60 cps are: input im- 
pedance, 20 k ohms; output impedance, 
(750 +-j 250) ohms; voltage gain, 57; 
power gain, 50 db; overall phase shift, 
less than 10 deg; input voltage, 2.0 volts 
rms (for full 115 volts rms output) 


voltage of cent. 





>577 





>578 | 


| conductor circuitry throughout and is | 





co 
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DESIGN “B” LINE 
60 AND 400 CPS 


HIGH POWER 
TRANSISTOR 


MAGNETIC 
SERVO 
AMPLIFIER 


For AC servo motor control — 
50 watts to 3000 watts 


FEATURING 
* Extreme reliability 
* Wider ambient 
temperature range 
* Faster response 
* Smaller size at higher | 
power ratings ' 
* Higher gains 
* Improved core design 
* Silicon rectifiers used 
exclusively 
* Greater flexibility 
* Ideally suited for operating 
with Diehl Servo Motors 
Signal Input AC or DC 
Military Specifications 
Provisions for System 
Feedback * Completely 
Static * Output 115V AC 
Phase Reversible : 
For complete 60 cps and 


400 cps specs request Bul- 
letin $-961. 


MAGNETIC 
AMPLIFIERS, INC. 


632 TINTON AVENUE © NEW YORK 55,N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 


Circle 324 on page 17 





Monel woven wire filter protects Sundstrand 
fuel unit from foreign particles — easy 


to clean, too. Made by Sundstrand Machine 
Tool Co., Hydraulic Div., Rockford, Illinois. 


Filter out trouble with Monel wire cloth 


Take a tip from Sundstrand design- 
ers. Filter out trouble in your appli- 
ances with Monel* nickel-copper alloy 
wire cloth. 

To protect their first fuel units 
from foreign particles, Sundstrand 
designers began specifying Monel 
wire cloth for filters back in 1934, 
and seven million units later they are 
still specifying Monel alloy for these 
filters. 


Says Mr.C. W. Lang, Sales Manag- 


er at Sundstrand, “Monel is the best 
material we know of for fine wire 
mesh such as is used in our fuel 
units.” 


You design out filter troubles... 
from acid, caustics and other corro- 
sives ... from vibration, abrasion 
and hard use... when you specify 
Monel wire cloth for your filtering 
applications. You get strength, dura- 
bility, hardness . . . low-cost service 
over the years. What’s more, it’s easy 


to fabricate — to form, weld, braze, 
solder. 

You get a bonus in fine Monel mesh 
— cost is competitive with less dura- 
ble materials! 

Produced by weavers throughout 
the country —ask us for handy “Buy- 
ers Guide to Established Weavers.” 


* Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street ameo, New York 5, N. Y. 


INCO NICKEL ALLOYS 
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40 KV at 3 amp. 


The ripple frequency of this unit is extremely low due to 

a full wave 6 @ power supply. The model shown here is a 

130 KVA, 3 phase unit and can be furnished with either askarel or 
ordinary transformer oil.—This unitized power supply is just 
one of many special transformers and equipment 

that are custom-built by NOTHELFER. 


Each NWL DC Power Supply is tested for core loss, polarity, 
voltage, corona, insulation breakdown and aging characteristics 
and must meet all customer's requirements before shipment. 

We shall be pleased to quote you up to 300 KV and up to 500 KVA, 
depending on your individual requirements. 


Casing & Wiring manufactured by 


Research-Cottrell, Inc. 
Bound Brook, N. J. 


ESTABLISHED 1920 
Gems) 
wen 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455,Dept. EM-4, Trenton, N. J. 
(Specialists in custom-building) 


SAY: NO—TEL—FER 
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up to 50 volts rms without damage; 
output power, 20 watts max. Di/An 
Controls, Inc.. 40 Leon St.. Boston 15, 
Mass. >579 


MICRO-CURRENT 
ELECTRONIC CONTROL 


Transistorized control SCI 100 employs 
extremely minute current (50 samp) 
to switch, detect, locate, count, etc. 
The control amplifies this current to 


re 


operate a standard 5-amp control relay 
and can detect up to 1500 parts per 
min. The sensitive point (or probe) 
has no moving parts, requiring only 
contact with a grounded object to com- 
plete the circuit. The whole assembly 
may be spring loaded. Location to 
within +0.0001 in. is possible. Housed 
in a metal, gasketed cabinet, with an 
indicator lamp and_ plug-in relay; 
operates on 117 volts, 60 cycle. Secur- 
ity Controls, Inc., 503 Franklin St., 
Buffalo 2, N. Y. >580 


SILICON POWER RECTIFIERS 


SN-60 series silicon a-c to d-c power 
rectifiers designed for intermediate 
power applications are compact, with 
exceptionally good electrical and me- 
chanical characteristics. Rectification 
efficiency is demonstrated by low max 
forward voltage drop, which is only 1.2 
volts at 10 amp, 27 C. All-welded con- 
struction, hermetically sealed, available 


) 


(Continued on page 325) 
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/ COUNTING 
INSTRUMENTS 


VOU 


UNTNIMEEE 


Whenever you have 
a design problem 
involving counting . . . consult INTIMEX 
for a fast, economical solution 


INTIMEX . . . the newest, 

brightest star in the pre- 
cision instrument field . . . now 
offers a complete line of precision- 
built counters that have been pro- 
duced with the Design Engineer in 
mind. You can depend on INTIMEX for 
rapid delivery of all types of count- 
ing instruments, ranging from Small 
and Medium Size Counters (with or 
without resets) to High Speed, Quick 
Reset Electro-Magnetic Counters and 
Photo Transistor Counters. There’s 
an economical counter from INTIMEX 
to insure accuracy in every counting 
operation . . . INTIMEX takes the 
thinking out of counting. 


Engineering available on special 
counting problems. 


FREE LITERATURE AVAILABLE, write 


INTIMEX 


CORPORATION ¢? 


Richardson Bldg., Bonifant & Fenton Sts. 

Silver Spring, Maryland, (Washington, D. C.) 

Sales Engineers in: Worcester, Mass., Hartford, Come, New York, 
Philadelphia, Pa., Baltimore, Md., Winston- Salem, N. St. tes 


Fla., Rochester, N. Y., Cleveland, Ohio, Cincinnati, Onis, Detroit, Mich., 
Chicago, II!., Dallas, Texas, Los Angeles, Cal. 
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FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position, The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat: 
ed rubber tubes available 

in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COM 


EXCLUSIVE MANUFACT 
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SMASH THE “DESIGN BARRIER” 
AND STILL LOWER YOUR 


FINISHED PRODUCT COST! 


RBM 
98000 
SERIES 


Since the basic relay and its many contact 
forms, ratings, and terminal variations are regular 

production items at RBM, design bottlenecks 
can be shattered. RBM has ‘““CUSTOMERIZED”’ these relays 

to fulfill almost every conceivable requirement. 

This vast background of application engineering can 
serve you with design shortcuts . . . lower your “finished 

product” cost. Ask your RBM product application engineer. 


CHECK THE FEATURES OF THIS 
REM AC OR OC. GENERAL PURPOSE RELAY 


Ac. 
MANY ARE OTHER FEATURES 98700 TYPE 


L/STED BY U/L \ 
FILE NOS. € 12/39 OR E2238/ <=> @ MAX. COIL VOLTAGE 


PRESS FIT PILE-UP @ MAX.COIL RES. 


ELIMINATES DRIFT, /N OHMS 
ASSURES CONTACT (Sy e MAX.CO/L WATTS  |9.0¥A. INRUSH 


STABILITY 
OR VOLT AMPS. 6.5 VA.SEALED 


DA . 
ceememiiadanaaer as © MAX CONTACT FORM \o por 1s Amps) 2P0T ISAMPS, 
RAT. RE 
FOR LOW VOLTAGE ANO/OR ie 20d es sts . oe 4POT GAMPS,| 4°DT 6AMPS, 
Low CURRENT CIRCUITS AT 32V. OC OR 115 V. 6 POT 32 AMPS) GPDOT ZAMPS. 
(NON-INDUCTIVE LOAD ) 


S/MPLIFIEO MAGNET 
FRAME AND ARMATURE , ® APPROX. WEIGHT 4/ OZ, 
ASSEMBLY PROV/DES 
EFFICIENT, POSITIVE 


ACTION ALSO AVAILABLE (N 97000 SERIES 


PROVIDING ADDITIONAL COIL 


VARIETY OF POWER... GREATER SENSITIVITY 


MOUNTINGS AVAILABLE 


a Local RBM Product Application Engineer or Write For Bulletin 1060 


Wey, tes Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Factories Located at Peru, North Manchester and Logansport, Indiana 
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with flat or stud bases, with flexible 
or rigid positive connections. Syntron 


Co., Homer City, Pa. >581 


MOLDED CABLE ASSEMBLIES 
Features engineered into 6 Tini-Jax 
cable assemblies include a pear-shaped 
one-piece tip rod that continues from 
the tip into the assembly directly to 
the soldered connection of the cable 


conductor, and a cable clamp to con- 
nect the cable shield (or second con- 
ductor) to the plug sleeve. 

Type RA-700 is a right angle “Tini- 
Plug” designed with an easy-to-grip 
plastic handle with short body exten- 
sion, useful where equipment jack is 
only slightly recessed. Type RA-710 
is similar to Type RA-700, except tor 
the longer body extension for deeper 
recessed jack. Type ST-700 is a straight 
plug with shortest and smallest handle; 
Type ST-710 is same as ST-700 with 
a longer handle; Type ST-740_ is 
another straight plug featuring larger 
OD handle for heavier cable; Type 
ST-750 has same diam handle as ST- 
740 but longer. 

Plugs have H. H. brass, nickel- 
plated sleeve and tip; cable clamp is 
cadmium plated steel; insulation is 
linen-base phenolic, Tenite molded 
handle. Various lengths and termina- 
tions available. Switchcraft, Ine., 5555 
N. Elston Ave., Chicago, IIL. > 582 


TWO-WAY SOLENOID VALVE 


Two-way solenoid valve, with full 
in. orifice (0-500 psi) to “46 in. orifice 
(0-70 psi)—no restrictions on orifice 


APRIL 1959 


sizes—is corrosion-proof, has only one 
internal moving part and a protected 
solenoid coil. Internal medium does 
not pass around solenoid plunger. Com- 
pletely sealed coils will not overheat 
on continuous duty and are interchange- 
able for continuous or intermittent duty, 
a-c or d-c. An adjustable flow control 
and manual over-ride is available; the 
valve can be either bottom drilled for 
manifolding or tapped for standard 
connection, Airmatic Valve, Inc., 7317 
Associate Ave., Cleveland, Ohio. ->583 


TIME-DELAY RELAY 


Type 471 time-delay relay provides an 
accurate, adjustable time delay between 
the operation of a control circuit and 
the subsequent transfer of 1 or 2 load 
switches. Typical uses include control 
of machine tools, batch processes, heat 
treating. automatic mixers, electronic 
devices and signalling equipment. Time 
ranges from 15 sec to 24 hr. Adjust- 
ment range from about 10 to 100° per 
cent of full scale. Repeat accuracy 
within 2 per cent, reset time ap 
prox Ye sec. Switch ratings 10 amp, 


125 volts or 5 amp, 250 volts a-c, re- 
sistive load. Motor and clutch ratings 
115 and 220 volts, 25, 50 and 60 cycles. 
Direct clutch standard, reverse clutch 
optional, Cramer Controls Corp., Cen- 
terbrook, Conn. >584 


PRINTED-CIRCUIT LAMINATE 


Flame-resistant laminated plastic, pri- 
marily for printed circuit applications, 
is designated as Phenolite grade XXXP- 
75. Offers excellent electrical prop- 
erties, very high insulation resistance, 
and low moisture absorption, exceeding 
all NEMA required values for grade 
XXXP by wide margins. In addition, it 
is said to yield excellent punching re- 
sults with a min of heating in the 
range of 130 to 150 F. This material 
offers 2 significant advantages: it is 
self-extinguishing and, compared to 
paper-base epoxy grades used because 
of their flame-retardant characteristics, 


XXXP-475 affords the same flame re- 


ESSEX ENGINEERED 
Consult 


Your Local 
Essex Product 
Application 


Engineers 


They can be your 
design assistants on other 


Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords, Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature ~ 
Cords Limited Division, DeKalb, ill. » 


A low cost, space saving single pole or common 
multiple contact D.C. unit. Highly reliable. Can 
be built to withstand extreme. environ- 
mental conditions. 


Write for Bulletin MS-3 
R-B-M Control Div., Logansport, ind. fp 


i 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. Sy. 


dhe ee 


CORPORATION 
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... when you mount the newly designed Hevi-Duty 
Type SZO Control Circuit Transformer. Savings in 
panel space range up to 20 percent over units of 
equivalent rating. Better yet, you’ll have extra inrush 
capacity (up to 150% more) due to Hevi-Duty’s 
interleaved windings and other new improved pro- 
portions of design. New Type SZO transformers 
range from .050 to 5 KVA. 


Write for Bulletin 300 for further details 


HEVI-DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEMIZBHTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
Circle 330 on page 17 


Learn how you may 


solve more engineering problems 


with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
neer-teacher Ira Ritow offers a really practical treat- 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes 
well illustrated instructions for the use of all con- 
ventional slide-rule scales as well as the circular rule. 

Reprint copies of the complete article with prac- 
tice slide rules printed on heavy stock for easy cut- 
out are priced at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 cents each. 
See handy order form on page 204. 





sistance at cost reductions of about 4U 
per cent. Available both as a standard 
laminated plastic and in copper-clad 
form for printed-circuit bases in thick- 
ness range from %2 to 14 in.; sheet 
sizes, 39 x 47 in. and 39 in. sq. National 
Vulcanized Fibre Co., 1059 Beech St., 
Wilmington 99. Del. > 585 


DAMPED SERVO MOTOR 


Inertial damped servo motor features 
a permanent magnet and cup which 
are both free to rotate. When there is 
a relative change in speed between the 


cup and the permanent magnet, torque 
is developed in the cup and provides 
the damping. The corner frequency 
normally specifies the inertial damp- 
ing, and the product of this frequency 
in radians per sec and the motor time- 
constant equals unity. Daystrom Tran- 
sicoil Div., Daystrom Inc., Worcester. 


Pa. > 586 


HIGH-ALTITUDE 
BLOWER UNIT 


High-altitude blower unit SK 1991], 
for ventilating and cooling electronic 
equipment in aircraft enclosures de- 
signed to meet all environmental condi- 
tions in MIL-E-5272A, is furnished with 


a totally enclosed, explosion-proof air- 
craft motor rated at 1/3 hp and 27 
volts d-c. Air delivery is 500 cfm at 
a static pressure of 2.4 in. of water at 
65,000 ft. A 400-cycle a-c motor is op- 
tional. The Torrington Manufacturing 
Co., 70 Franklin Street, Torrington, 
Conn. >587 


(Continued on page 328) 
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Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


CONTACTS in Silver, Gold, Platinum, 
Paladium and their alloys 


for your specific design problems 
*Reg 


LAMINATED AND INLAID METALS 
S METAL PRODUCTS FOR ELECTRICAL MARUFACI 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 


SPURS e HELICALS @® WORM AND WORM GEARS 
STRAIGHT BEVELS * LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 


GEARS 


1035 PARMELE ST. ROCKFORD, ILLINOIS 
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/ NON-TRACKING 


QUENCHING 


Electrical Moldings 


ROSITE 
No. 3250 


<4 


BEFORE @& 


Four fibre parts and 6 
rivets were needed to 
make assembly. 


AFTER 


One ROSITE No. 3250 
Molding replaces the 
old method for Bulldog 
Electric Co. part. 


Safety Switch 
ARC QUENCHER 


Here's dramatic proof of the benefits that are 
available to users of new hot-molded ROSITE. 
The snuffing head above carries a shorting bar 
for closing stab type switch blades. By using 
ROSITE, the manufacturer substituted a single 
molded part for a 10-piece assembly. The savings 
were obvious and the new ROSITE molding had 
better non-tracking and arc quenching qualities 
as well. 


SIZE REDUCTIONS — ROSITE hot-mold 
compounds can offer size reductions because they 
possess non-tracking ... arc-quenching qualities 
which make smaller ROSITE parts do a better 
job than larger assemblies or moldings. A real 
boon to designers! 


ECONOMICAL — Save on size, weight and cost. 
Send us your drawings, let us study your prob- 
lem. Then we can quote to show how ROSITE 
does a better job for less. Do it today for your 
products’ sake! 


** **PATENTED — ROSITE’S new 
hot-mold No.3250 incorporates 
a patented arc-quenching 
characteristic. This is a new 
dimension in hot mold com- 
pounds, now making it possi- 
ble for Rostone Corporation 
to offer the same properties 
that have made ROSITE cold 
moldings the standard for 
quality electrical parts. 
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SEND FOR 
NEW 
CATALOG 


ROSTONE 
CORPORATION 


2405 S$. Concord Road, Lafayette, Indiana 


For Canadian requirements contact | 
Electro Porcelain Ltd., Kitchener, Ontario 
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Laboratory 


and 


Engineering 
Equipment 


TRANSISTORIZED POWER 
METER 


Model 440 power meter is fully transis- 
torized and is self-balancing to provide 
accurate, automatic direct - reading 
measurements of cw or pulsed power. 
It may be used with all 100 or 200- 


ohm bolometers or thermistors, positive 
or negative temperature coefficient, re- 
quiring any bias current up to 18 ma, 
in any frequency range for which there 
are bolometer or thermistor mounts. 
Provides the widest power measuring 
range available, with 0.001 to 0.01 mw 
and 0.003 to 0.03 mw scales, in addi- 
tion to the five standard scales up to 
10 mw. 

It is powered by a nickel-cadmium 
battery which will operate a full 16 
hr before a recharge is required. Narda 
Microwave Corp., 118 Herricks Rd., 
Mineola, N. Y. >588 


TERMINAL PULL TESTER 


Portable air-actuated 
designed to test 


instrument is 
the tensile strength 
of electrical connections of all types at 
an inspection rate fast enough to keep 
pace with automatic production ma- 
chinery. It is built around the Hunter 
force gage. In operation, the terminal 
is inserted in the appropriate notch in 
the gage’s turret head which will accept 
standard wire sizes up to No. 12 prim- 
ary cable inclusive and up to No. 10 
heavy-duty. The wire is placed between 
the open jaws facing the gage. Press- 
ing a knob actuates the air motor, the 
jaws close and lock automatically, and 
then pull the wire until the connector 
fails and the gage dial holds the force 
reading at failure of the sample. 
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The air-motor piston and jaws return 
to the starting position immediately 
upon release of the knob and the force 
gage is instantly reset to zero by touch- 
ing the tab at the left of the dial. Set- 
screw adjustments control the rate-of- 
pull within limits acceptable for most 
production purposes. A_ hydraulic 
dash-pot is available as an accessory 
to provide slower speeds and extremely 
fine rate-of-pull adjustments. 

Seven models of the tester have max 
capacities of 20, 50, 75, 100, 150, 200 
or 500 Ib, respectively. Each has an 
accuracy of 4% of 1 per cent of full 
scale. Overall dimensions 2814 x 41% 
x 8 in. Hunter Spring Co., 1 Spring 
Ave., Lansdale, Pa. >589 


TOROID WINDING MACHINE 


Toroid winder Model 400 accommo- 
dates a wide range of cores from 0.062 
ID up to 2 in. OD on a machine with- 
out changing heads. Built-in electronic 
turns counter accurately records turns 


Be 


on core up to 1200 per min. Wire sizes 
from No. 46 to No. 26. The machine 
features 10 available sizes of shuttles 
for loading optimum footage of wire, 
automatic sector and progressive bank 
winding in either direction, dynamic 
braking and jockey stick for adjusting 
direction if 
when sector winding. Has 
aluminum casting base. Size 20 x 16 x 
10 in. high. Weighs 50 Ib. Gorman Ma- 
chine Co., 480 So. Main St., Randolph, 
Mass. >590 


position of core in any 


necessary 


MINIATURE VIBRATION 
PICKUP 

MB Type 11 pickup, the 
“Vibramite,” is a miniaturized eddy- 


vibration 


current damped unit with a flat re- 
sponse curve over its full operating 
range. Characteristics include self-gen- 
eration with no cathode follower or 
other impedance-matching amplifier 
required and good temperature stability 
with high electrical output. 
Acceleration up to 50 g for con- 
tinuous duty and up to 100 g intermit- 
tently will not damage the unit. Dimen- 
sions: 1.42 in. sq and 1 in. high. 
Weight: 2.75 oz. Positioning is omni- 
directional. MB Manufacturing Co., 
Box 1825, New Haven, Conn. ~*591 


MAGNETIC CORE TESTER 
With Model RK 100 for testing tape- 


wound cores, ferrite cores, and relays, 
two units may be operated synchron- 
ously for core plane and coincident- 


current testing. Instrument monitors 
tolerances on core parameters, deter- 
mines drive requirements, switching 
times and voltage and disturbance out- 
put. Parameters are read on a scope 
to plot families of curves for deter- 
mination of coercive force, volts per 
turn and other data. 

Features include: 2 per cent meter 
for rough settings, precision resistors 
for current measurements, 0.1 ma to 
1.0 amp current pulses, 0.1 psec to 1 
millisec current rise time, 9 pulse logi- 
cal patterns and handling of switching 
times to 35 millisec. Requires only one 
winding on core being tested. Arkay 
Engineering, Inc., 225 Santa Monica 
Blvd., Santa Monica, Calif. >592 


SQUARE-WAVE GENERATOR 


For laboratory or production testing of 
audio and video amplifier response, os- 
cilloscope operation, network, steady 
state and transient response measure- 
ment at audio, ultrasonic or low radio 
frequencies and for testing triggering, 
coding, or gating network and circuits, 
Model 1715 square-wave generator pro- 
vides excellent rise time (0.02 psec) 
for pulse work and a wide frequency 
coverage from 1 cycle to 1 me. Fre- 
quency range is covered in 6 decade 
bands which, in conjunction with the 
main frequency dial (graduated from 
1 to 10), allows a constantly variable 
frequency throughout the entire range. 

Mechanical design features ease of 
accessibility. Case sides open to allow 
full access to the circuitry and the 
“chimney effect” design improves na- 
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Here Timing Counts... 


The pitch is on the way; from here on in, the batter’s 
timing really counts! And when it’s your turn at bat to 
solve a motor-drive problem for appliances or equipment, 
Emerson-Electric will work with you to make your 
Sheet hel mela i aa al 


Remember... 


© Emerson-Electric produces custom -engineered motors 
to suit your specific needs. 

© We specialize in solving motor-drive problems like 
yours, and we have a back-log of more than 65 years 
OM deoutece 


To get the kind of timing 
that pays off in the profit 
column, call, wire or 
write Dept. M-360 today. 
The Emerson Electric Mfg. 


Co., St. Louis 21, Mo. EMERSON-ELECTRIC of St.Louis - Since 1890 
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Choose the 
material that gets 


stronger 


when the heat’s 
on! 


B& 


V solid-fuel rocket nozzle inserts 


at 


V divergent cone sections 


Vv rocket vanes 


SPEER 


GRAPHITE 


Speer Graphite is the ‘‘machinable 
ceramic’’ that resists thermal shock, is 
chemically inert, doesn’t warp, actually 
gets stronger as temperatures increase 
up to 5432°F. That’s why it plays so 
many vital roles in rockets and missiles! 


Close tolerances are easy to machine 
and maintain in parts made of Speer 
Graphite. Excellent thermal and elec- 
trical conductivity, capability of impreg- 
nation with fluide, or of coating with 
metals and non-metals, and self-lubri- 
cating qualities add to the usefulness of 
Speer re If your parts require 
these, and other important high-tem- 
perature characteristics, Speer Graphite 
is the answer. Mail the coupon for the 
whole story. 


PEER (Boe 2 wenn 


Please send information on carbon for use in 


Zone___State 


a eee 
Wm ee ee ee ee ee 


| 
| 
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| 
| 
| 
| 
| 
| 
| 
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tural ventilation. Centerline vertical 
chassis improves physical rigidity and 
portability. Hickok Electrical Instru- 
ment Co., 10541 
land 8, Ohio. 


Dupont 
>593 


OSCILLOSCOPE 
Type 543 is a 
with Tektronix plug-in 
plug-in preamplifiers available for sig- 
nal-handling versatility. Sweep range 
is 0.02 


fast-rise oscilloscope 


feature. 


psec/cm to 15 sec/cm, ac- 


Ave., Cleve- | 


Nine | 





celerating potential is 10 kv, built-in | 
voltage calibrator has 18 outputs from | 
0.2 mv to 100 volts peak-to-peak. Fea- | 


tures for a d-c to 30 me oscilloscope 
are: sweep magnifications of 2, 5, 10, 
20, 50 and 100 times; 
control of 24 direct-reading calibrated 


single-knob 


sweep rates; 
preset controls; lockout-reset circuitry 
for single-sweep recording; and frame- 


improved triggering with | 


| 


| 


1 


grid dual-triodes for greater dependa- | 


bility. Tektronix, Inc., P. O. Box 831, 
Portland 7, Ore. —>594 


SYSTEM-ERROR BRIDGE 


With the Theta-Bridge the angular 


| 


position of any synchro or resolver in- | 


within a complex 


system can be directly measured with- 


accessibly located 
out any mechanical coupling. The only 
connection is via the electrical leads of 
the synchro or resolver. Loading of the 
system is avoided through use of very 


high impedance elements. This system- | 


error bridge is also used to simulate a 


COST-CUTTING 
PRODUCTION 
TEAM 


The two-way 
answer to 
assembly problems 


Assembly problems are a designer's 
problem, too. Milford offers tubular 
rivets made to high quality standards 
to assure a better finished product... 
a wide line of Automatic Riveters that 
assemble your “brainchild” with care, 
precision and economy. 

For the answers to assembly problems 
... get in touch with Milford first. 


MILFORD RIVET 
& MACHINE co. 


MILFORD, CONNECTICUT ° 
ELYRIA, OHIO + AURORA, ILL 


HATBORO, PENNA. 
* NORWALK, CALIF. 
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For your toughest insulating 
problem, choose from the 


industry’s widest range— 


SPEED AUTOMATIC PRODUCTION of printed circuits with 
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates. 
Other advantages: high bond strength of copper to laminate, 


Cc 'p) F D ; F = e ; i superior blister-resistance in solder immersion. 


glass-base laminates 


Teflon’, silicone, epoxy, melamine, and phenolic glass- 
HIGH-VOLTAGE (1800v.) RF ISOLATION is achieved by 


fabric laminates. Polyester glass-mat laminates. miniature C-D-F Dilecto gears in an aircraft receiver-trans- 


‘ . : mitter switch. They also had to exhibit dimensional stability 
You can improve design, speed production, and save money through a wide temperature range, resistance to fungus growth 


by specifying one of the many C-D-F Dilecto grades. snes 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a bet- 
ter answer to your problem at C-D-F. (Melamine can also 
be made with glass-mat base.) And C-D-F offers modern 
machining and fabrication facilities to deliver production 
quantities of finished Dilecto parts to your specifications. 
See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto, or of oe 
any other C-D-F plastics, mica, or fibre product, send us PRECISE MACHINING AND FABRICATION are standard 
your print or your problem! Write for your free copy of benefits of Dilecto laminated plastics. These silicone glass- 


. =f . ° base parts (coil mountings, aircraft terminal board) were 
C-D-F Technical Bulletin 64. sawed, drilled, punched, and milled in production quantities 
* 


by C-D-F and customer 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES 


Flexural Dissipation Dielectric Insulation 
Equivalent Strength Factor at Strength Resistance Arc Re- Maximum 
NEMA or Lengthwise 106* Parallel Cond. sistance Operating 
ASTM grade (PSI) Cond. A Step x step C96/35/90 (seconds) Temp. (°C.) 


Teflon *) 


GB-112T 0.0015 100,000 


(Silicone) 


GB- 12S . 0.002 100,000 


0.019 


(Flame-Retardant Epoxy) 


GB-28EFR 0.010 100,000 


0.014 


(Melamine) 


GB-261D G-1 and G-2 0.020 
(Phenolic) A spepnpennemmneneneensnares ieemeennammmnmmeennemmeeas 


GM-PE GPO-1 


(Polyester) 


These are typical grades for typical applications. To meet special requirements, C-D-F makes many other Dilecto grades, one of which may serve your 
purpose better than any of these listed here. Consult the C-D-F Technical Department for expert assistance with your design problem involving laminated 
plastics products. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Raunt COMPANY « NEWARK |3, DELAWARE 
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MISSILE RELAYS 


UCL LG A MM vies iv or ror int 


system. Three dials display angular 

| position digitally to three decimal 

Way) TE for places over a 360 deg range. The initial 
, . calibration to a particular system is 
accomplished without mechanical rota- 

tion of any part of the system or 

adjustment of system voltage excitation 

air + ny go to an accurate level. Specifications: 
double ' accuracy, 10 sec of arc; readability, 
ee 0.001 deg; size, 19 in. wide x 10% in. 
TYPE FC-6> high x 8 in. deep. Theta Instrument 
—— 5 Corp.. 48 Pine Street, East Paterson, 


double- N. I. >595 


MULTICONDUCTOR CABLE 
TEST SET 


Model 50-A test set is specifically de- 


Ouuco means signed for completely automatic con- 


A tinuity, insulation resistance, and high 
? high reliability! poe testing of cables or junction 


Most relay troubles come from con- 
tamination, use of improper contact 
materials or unbalanced design. 
To eliminate these, Struthers-Dunn 
installed a quarter of a million dollar 
environmental testing laboratory for de- 
termining exactly what is needed to 
insure missile relay reliability. 
As a result, Dunco FC-6 and FC-4 
relays are spotlessly clean, have a unique 
new contact material of outstanding de- 
pendability, and incorporate improved 
design that provides positive protection boxes with up to 109 conductors. Each 
against vibration. Best proof of their conductor is checked on a go, no-go 
performance is the fact that they play basis. Each terminal in the leakage 


important parts in at least six vital resistance and high potential test se- 

aod ‘ ries is tested against all other terminals 
missile programs. ms 

simultaneously tied to ground. Test 

potential is 500 volts d-c. Exact fault 


WRITE FOR \ i location is provided by a number of 
DUNCO BULLETIN FC \ test position and test function  in- 
dicators. Optimized Devices, Inc., P.O. 

Box 38. Gedney Station, White Plains, 

"Be? allt . Pls. % >596 


~ STRUTHERS DUNN. > 


Model 1294 is a digital-reading instru- 
ment calibration standard supplying a 


Makers of the World’s Largest Assortment of Relays broad range of precisely controlled a-c 


PITMAN, NEW JERSEY and d-c voltages and currents. D-C 
voltages from 1 my full scale to 2000 


volts full scale in 12 ranges. Direct 
current, also in 12 ranges, is from 10 


Sales Engineering Offices in: Atlanta + Boston « Buffalo » Chicago + Cincinnati vamp full scale to 30 amp full scale. 
Cleveland « Dallas « Dayton + Detroit » Kansas City « Los Angeles « Montreal « New C J ] : 
Orleans + New York « Pittsburgh + St. Louis + San Francisco + Seattle » Toronto (Continued on page 334) 
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ELECTRONIC 
HARDWA 


@Terminal Lugs@ Insulated 
Terminals @ Electronic Hardware 
@ Handles @ Captive Screws 
@ Brackets @ Dial Locks @ Spacers 
@Shaft Locks @ Binding Posts 
Completely assembled terminal 
boards to meet all government 
specifications. 
Immediate delivery from stock 
or to order on all items. 
Write for Catalog 
GENERAL COMPONENTS, INC. 


225 EAST 144th STREET, NEW YORK 51, N. Y 
Telephone: MO 5-0740 
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DYKEM 
Seid eos 


a.V ‘ 
Stops os 


making Dies and 


Popular ckage is 
8-oz. can fitted with 
Bakelite ica —— 

soft-hair b “« 
plying Rt’ at at & 

metal surface ready for 

of cy layout in a few minutes. 

ES A The dark blue background 

> makes the scribed lines 

, show up in sharp relief, 


aC Tuli bed | 


vents metal glare. In- § 


f 4 creases efficiency and 
accuracy. 


Write for sample 
on company letterhead 


THE DYKEM concen’ 
2303F North 11th St. « St. Louis 6, Mo. 
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. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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PRECISION 


TEFLON’ 


SCREW 


for TROUBLE-FREE SERVICE 


Parts made of TEFLON offer engineering advantages possible with 
no other component material. HALOGEN extrudes all sizes of rod 
and tubing and operates screw machines from #00 to 3” 
diameter, This maintenance of complete process and fabrication 
control is your assurance that the most rigid specifications 
will be met . . . economically. 


SPAGHETTI and TUBINGS of TEFLON 


are superior for high temperature or high humidity 
insulation applications. Not affected by soldering 
temperatures AWG sizes from #6 thru #28, 

natural color, in STOCK for IMMEDIATE SHIPMENT. 


Other sizes and NEMA colors available on order. 


Write for Bulletin T-2001. 


ad 
HALOGEN 


INSULATOR & SEAL CORP. 
9960 Pacific Avenue Franklin Park, Hl. 
Gladstone 5-9000 


*DuPont T.-M, Engineers and manufacturers of products of TEFLON 
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Molon 


fractional horsepower 


Motors 


Skeleton Types * Gear Types 


We specialize in custom 
manufacturing all kinds 
of fhp motors. Whether 
you need skeleton types 
or gearmotors, standard 
or special, Molon can 
supply them fast and at 


* 


M 

Cc 

2432 WEST GEORGE STREET 
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ios. 


The I-S short run department can save you 
time and money in the planning stage or whenever 
production quantities required are limited. 
Precision springs in small lots are produced quickly 
and economically ... designers can check springs 
for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 
recommendation on your specific spring applications. 


Design and } 
Development 
Engineers: 


Specify I-S Beryllium Copper Springs 
for High Strength and Endurance: 
For further information on |-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet's Product Design File 

or write for our latest Catalog. 


: + * PROCESSED” 


Bievicium COPPER’ SPRINGS 


INSTRUMENT SPECIALTIES CO., INC. 
254 Bergen Blvd. « Little Falls, N.J. 


Telephone: Clifford 6-3500 
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, low cost. Send for free 
descriptive circulars. 
clon Motor and Coil Corp. 


CHICAGO 18, ILLINOIS 





Both d-c functions have an accuracy of 
+0.1 per cent when connected to 
standard 230-volt line. The a-c indica- 
tion is true rms; voltages and currents, 
at an accuracy of +0.3 per cent with 
14 ranges for each function, are from 
1 my full scale to 2000 volts full scale 
and 10 pamp full scale to 30 amp full 
scale, respectively. The unit features 
modern desk-type console with sloping 
panels which contain switches and 
controls, a 50 to 2400 cps continuously 
variable oscillator and a complete 
Wheatstone bridge. Interlock system 
prevents damage to instruments being 
calibrated, and 2 types of built-in volt- 
age regulators reduce power-line tran- 
sients to lowest possible level. Radio 
Frequency Laboratories, Inc., Boonton, 


N. J. >597 


VOLT-OHM-MILLIAMMETER 
ANALYZER 


Increased range and ruggedness in a 
smaller size are features of the Weston 
Mark II analyzer Model 980, a sensi- 
tive and sturdy volt-ohm-milliammeter 
for a wide range of test measurement 
applications. It has a d-c sensitivity of 
20 k ohms/volt, and an a-c sensitivity 
of 1 k ohms/volt with accuracy within 
2 per cent full scale d-c and 3 per cent 
a-c. Has single dial control and wide 
angle scale. The four-way protective 
cover also serves as a tilt stand. Weston 
Instruments, Div. of Daystrom, Inc., 
614 Frelinghuysen Ave., Newark 12, 
N. J. >598 


(Continued on page 336) 
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DIAL H EAD AGASTAT” 


time / delay / relays 


These relays have recently been re-designed—improved in 
performance and appearance. So you'll want up-to-date 
specs. 

This free folder gives complete details on all models. In 
it you'll find operating specs, timing ranges, contact ca- 
pacities, dimensions, diagrams of contact and terminal 
arrangements, and data on mounting and installation 
accessories. 

For your copy, write: Dept. A34-421. 


gs ELASTIC STOP NUT CORPORATION OF AMERICA 
Elizabeth, New Jersey . 
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RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 
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FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ing and Solid Wire 


isieieacnneeai KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 
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the idea that 
fizzled... 


One of the copywriters at our ad 
agency had a great idea! 


“Let's send an actual stamping to 
everyone using lamination dies,’’ he 
said. ‘‘We’ll send them samples from 
the largest and smallest dies that 
CTD has ever made. Here’s our copy 
pitch: ‘The long and the short of die 
making...°” 


““Fine,”’ we said! ‘‘Now find us some 
1014 square foot envelopes and a 
delivery service to carry them ‘cross 
country’ !’’ We explained that while 
CTD has turned out dies for extreme- 
ly small laminations, our largest was 
for laminations 3’ x 314’ (for the 
new synchrocyclotron at Princeton 
University). 


But the basic idea was good. Because 
you should know that Cleveland Tool 
and Die Company has the capacity 
to handle any lamination die re- 
quirement, steel or carbide. 


Whether you’re involved with home 
appliances or electrical apparatus... 
if you need quality dies, jigs, fixtures 
or gages, we’d like to suggest you 
send us your prints and specs for 
quotations. Or, if you’re not at that 
stage yet, we'd like to send you a 
brochure describing our capacity, 
abilities, facilities. Write to... 


Large! 


CLEVELAND TOOL & DIE CO. 
1620 Eddy Road + Cleveland, Ohio 


P.S. We design as well as manufacture 
.. and do custom stamping, grinding 
and boring, too. 
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M*F TWO-WAY 


M:F PROJECTION WELD NUT 


Recessed 


M:F 


MACLEAN- 


FoaeG 


gives you product superiority 
and fast low-cost assembly 
with the M:F line of lock nuts 


and standard nuts in all sizes 


“olf the shelf” 


Pilot type 


SPIN LOCK NUT 


LOCK NUT 


for faster application with 
consistent torque 


This all-metal, double chamfered, re-usable lock nut 
can be applied to bolt threads from either end. The 
center locking principle permits bolt end to be flush 
with top of nut. 


for high torque consistency 
in full and jam thickness 


This consistent-torque lock nut will withstand terrific 
vibration and shock loading; retains its locking ability 
for as many as 10 RE-applications. 


for low-cost assembly 


Solve production delays, cut manufacturing costs — 
fuse nut to the product in exact location. Engineered 
for assembly simplification. The welding of nuts to 
sub-assemblies permits the use of screws or bolts in 
the main assembly without the need for holding nuts 
from turning, cutting time and labor. 

Both types available with the patented M+ F Two- 
Way locking feature. Each type has three welding 
projections, eliminating rock and guaranteeing a 
uniform weld. 


the nut with the built-in 
lockwasher 


This free-spinning one-piece lock nut eliminates the 
need for supplemental locking devices such as lock- 
washers. Cuts purchasing and inventory costs. 


for the asking 


The M+ F Products Catalog— valuable data on torque, bolt tension 


ard dimensions as well as on other available products. 


MAC LEAN-FOGG Lock Nut Company 





WIDE-BAND TIME-DELAY 
STANDARD 


This device is useful up to 1000 mc 
band width and is coaxially constructed 
throughout. It consists of only bilateral 
passive network and no active devices. 


As a result, it is extremely stable. Both 
input and output impedances are equal 
and the low-frequency limit can be ex- 
tended down to d-c. Max input voltage 
is over 500 volts. 

In general, the rise is less than 4 
per cent of the time delay at any 
point; accuracy is better than 0.5 per 
cent with correction factors. Six differ- 
ent models available. Resolution time 
is less than 10-** sec for units with 
47.5 psec total delay; 10~° sec for units 
with 1.11 psec total delay; and 10-° 
sec for units with 11.1 psec total delay. 
Ad-Yu Electronics Lab., Inc., 249 Ter- 
hune Ave., Passaic, N. J. 599 


MILLIOHMMETER 


Portable and battery-powered, Model 
502 milliohmmeter for very low resist- 
ance measurements measures conduc- 
tivity in semiconductors, liquids and 
corrosion and tests printed circuits, 
waveguides and grounding systems. 
Applies only 2 pwatt across the test 
circuit, providing safety and reliability 
for checking squibs, carbon bridges 
and similar explosive devices. It fea- 
tures 13 overlapping ranges measuring 
0.001 to 1000 ohms full scale with ac- 
curacy within 3 per cent of full scale. 
No calibration or zero adjustments 
are required, and the instrument gives 
an instantaneous indication of resist- 
ance without zero drift or errors due 
to thermal emfs. Has an input short- 
ing switch and set of four test leads. 
Keithley Instruments, Inc., 12415 Eu- 
clid Ave., Cleveland 6, Ohio. -> 600 


Rete ome 107 
©  mitliohmmeter ; 
~~" ahead 
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5535 N. WOLCOTT STREET ¢ CHICAGO 40, ILLINOIS 
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..» Kearfott 
analog -to- digital 
converters 


accuracy, reliability, varied capacities and codings 


Kearfott’s direct drive converters translate shaft rotation into electrical and visual 
digital form. These mechanically positioned units consist of coded drums, the number 
depending on the code and total count. The first, or units drum, connects directly to the 
input shaft and rotates as the shaft turns. On models where more than one drum is used, 
high speed odometer type gearing provides interconnection. All models ean be read “on 
the run” or “on demand” and all tracks may produce simultaneous or serial readings, 
depending on the interrogating pulse. 


The high performance and quality of Kearfott’s analog-to-digital converters are assured 
by stringent testing for: 


Mechanical Accuracy: The location of any code transition point must fall within one- 
third bit of its true angular position. 

Low and High Temperature: A|\ units operate efficiently at temperatures ranging from 
— 65° F to + 260° F. 

Brush Skip: Conducted in conjunction with tests for temperature, vibration, shock and 
acceleration. A typical brush skip test employs 200 usec., 23V DC amplitude interrogat- 
ing pulses at 4000 cycles per second. With the shaft rotating, each output drum track is 


monitored for a total of 500,000 pulses, in which “lost” counts or “skips” will not 
exceed 1 in 15,000. 


Shock: Kearfott converters are subjected to 18 shocks in three different planes with 
shock loading of + 15 g’s. 


Vibration: Units must withstand vibrations between 5 and 500 cps with applied load 
of + 10 g’s. 


Acceleration: All units are subjected to radial accelerations of varying magnitudes up 
to a maximum of + 7.5 g’s. 


Life: Over 1 million linear feet (1000 hours at 82 RPM) of continuous brush travel on 
drum coded patterns can be achieved without excessive wear to drums, brushes or other 
sub-components. 


Write for new ADAC brochure. 


ANALOG-TO-DIGITAL CONVERTER CHARACTERISTICS 


Kearfott Unit No. 423830-1 423607-1 Y1241-11A... ..P1240-11A Y¥1240-11A U1240-11 
Code (1) ots) B.D. .D. B.D. B.D. B.D. 


er B.D D 
No. of Drums bat ark 1 ; 1 2 3 
0 to 84 in 
Range 348.5° of arc. -—19 to 0 0 to 359 (+-) 0 to (+) 999 


11.5° dead spot to + 19 (-) 999 to(-)9 9 t0. 359.9 Oto 2089 = 052.768 (2!) 
coded O 


Bits per Revolution 85 40 
Revolutions for Total Range 1 9 100 90 90 2,048 
Volts D.C. 23 23 23 23 23 ; 10.5 
Current (ma.) 20 20 20 20 20 20 
Inertia (gm. cm.2) (2) 158 104 28 158 100 20 
Unit Diameter (in.) 28 1% 1"% 1'%e 1.875 1% 
Unit Length (in.) : ¢ .. 1-43/64 1546 2%6 2.8125 3 


Life (3) 10° revolutions or 103 hours 
Static Torque (in.-oz.) (4) 5 1.0 1.0 2 (break) 


1 (running) 
Weight (0z.)_. A , 4 7.75 6.5 
Maximum Speed (RPM) 


400 300 700 
Dielectric (Volts DC) 500 500 . 500 


(1) B.D. (Binary Decimal), C.B. (Cyclic Binary). (3) Under recommended conditions. 
(2) Inertia measured at maximum trip. 


P1241-11A 


C.B. (Gray) 
3 5 


20 40 40 16 


(4) At room temperature. 


Engineers: Kearfott offers challenging opportunities in advanced component and system development. 


| A 
G EN ERAL A subsidiary of General Precision Equipment Corporation 
Ca tt PREC I SION Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
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Electrical Manufacturing 


PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 


page number only indicates advertisement; letter 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries and holders—218e, 270e 
Brakes—273, 292e, 300 
Capacitors—15, 202, 214e, 218e, 232e, 246e 
Choppers—71 
Clutches—273, 282e, 292e 
Contact devices 
Brushes and brush holders—63, 70, 319 
Contacts and contact = 327 
Control panels—216e, 285, 307 
Control systems—120, 216e, 230e, 319, 322e 
Electron tubes 
Beam switching—297e 
Industrial—219 
Receiving—219, 264e 
Encoders—168, 218e, 226e, 337 
Fans and blowers—238e, 288e, 306e, 326e 
Filters—208, 214e 
Heating elements—218e, 262 
Knobs, handles—214, 219, 280e 
Lamps—228 
Lights, indicator—60, 222e, 266e, 288, 292e 
Magnetic components 
Bobbins and core boxes—224, 284 
Coils and windings—212e, 246, 291, 333 
Cores—72, 148, 181, 221, 306e 
Magnetic amplifiers—202e, 208, 230e, 320 
Meters, panel—207, 228e, 244 
Microwave devices—10 
Mounting hardware—214, 246e, 298e, 315e, 
333 


Potentiometers—213, 214e, 230e, 256e, 268e, 
270e, 282e, 300e, 308e, 316e 
Printed circuits—82 
Protective devices 
Fuses and fuse holders—24, 272e 
Thermal—90 
Reactors—224e, 276e 
Relays 
Ferroresonant—143 
General purpose—67, 79, 169, 184, 211, 
232e, 237, 237e, 242, 268e, 278, 324, 
325, 332 
Industrial—270, 278e, 294, 315 
Mercury—83, 218e, 308 
Telephone—262e, 341 
Time delay—274, 325e, 335, 342 
Vacuum—252e 
Resistors—73, 186, 252e, 253, 264e, 274e, 
282 
Semiconductor devices 
Photocells—232e, 267, 280e 
Rectifiers and diodes—59, 
234e, 237e, 277e, 322e 
Thermistors—235 
Transistors—Inside front cover, 
218e, 232e, 238e, 318e 
Servo components—74, 232e, 237e, 266e, 
274e, 282e, 291, 296, 320, 320e 326e 
Solenoids—266, 303 
Static switching elements—179 
Switches 
Controllers and contactors—26, 37, 222e, 
226, 228e, 264, 276, 285, 307 


106, 200e, 


ze, 36, 


338 


Foot—218 
Limit—171, 187, 230e, 256e, 304e 
Mercury—200, 216e, 284e, 308 
Pushbutton—61, 216e, 292e, 310e 
Rotary—302e 
Snap action—40, 171, 187, 319 
Stepping—259 
Thermal—48 
Toggle—171 

Telephone handsets—246 

Timers—241, 

Transducers 
Linear displacement—308e 
Pickups, magnetic—278 
Pressure—242e 
Strain gages—226e 
Thermostats—Back cover, 238e, 277e 
Vibration—328e 

Transformers 
Electronic—44, 208, 266e, 290e, 296e 
Industrial—326 
Variable—87, 276e 

Tube shields—238e 

Valves, solenoid—21, 214e, 226e, 325e 

Voltage references—296e 

Voltage sources—315e, 318e, 322 

Wire and cable—16, 198e, 214e, 218, 222e, 

226e, 237, 325 

Aluminum wire and strip—276e, 295 
Cable assemblies—325e 
Hookup—245, 246e, 265, 317 
Magnet—28, 39, 55, 81, 225, 265 
Power—245 
Resistance—23 

Wiring devices 
Cable clamps and grips—197, 294, 323 
Connectors—212, 284e, 298e 
Cord sets—16, 236, 237, 311, 325 
Ducts—237e 
Plugs and jacks—284 
Standoffs—280e 
Terminals—258e, 306, 310, 311, 333, 335 
Terminal blocks—208, 333 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings 
Ball and roller—\, 77, 185, 199, 304e 
Bushings—224, 310e 
Conduits—269 
Contact pins—300e 
Counters—69, 290e 
Couplings—269, 302e 
Drawer slides—298 
Fans and blower wheels—53, 316, 316e 
Fasteners—189, 202e 
Bolts and nuts—209, 275, 292, 336 
Nails—340 
Pins—223 
Rivets—340 
Screws—49, 65, 86 
Filters—306 
Gears—32, 216e, 327 
Hinges—301 
Housings and enclosures—172, 188, 269, 316, 
339 


with page number indicates editorial mention. 


Lead screws—248 
Motor bases—276e 
Plastics parts—333 
Rings, retainer—62 
Seals and gaskets—52 
Springs—34, 272e, 334 
Stampings—280 
Wire—288e 


COMPUTERS AND 
COMPUTING COMPONENTS 


9, 13, 166, 222e, 242e, 337 


DRAFTING MATERIALS AND 
EQUIPMENT 


Drafting tools—57 
Microfilm—305 
Tracing cloth and paper—184 


DRIVES, ELECTRICAL 
165, 299, 319, 297e, 308 


DRIVES, MECHANICAL 


92, 294e, 302 
Gear reducers—66, 230e, 291 
Variable speed—84, 228e, 255e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—71 

Cameras—14 

Counters—212e, 244e, 248e, 323 

Environmental chambers—218e 

Generators, electronic—328e 

Meters—201, 212e, 214e, 302, 328e, 334e, 
336e 

Oscilloscopes—330e 

Power es _ 255 

Recorders—51, 80, 

Shielded etn aes 

Special test equipment—22, 182, 214e, 216, 
222e, 224e, 234, 238, 256, 328e, 330¢e, 
332e, 336e 

Voltage regulators—222e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductor materials (except wire) —288 
Contact materials—177 
Insulation and dielectrics—2, 9, 254 
Asbestos—76 
Casting resins—75, 175, 208e, 218e, 277e, 
293 


Ceramics and glass—222, 272, 278e, 291 
Fabrics—41, 224e 


ELECTRICAL MANUFACTURING 





Laminates—64, 115, 206, 214e, 237e, 310e, 


325e, 331 
Mica—279 


Molding compounds—89, 216e, 218e, 226e, 


293 

Paper—222, 320 

Silicones—218e, 249, 258, 260, 262e, 277e, 
289 

Tape—58, 68, 215, 224e, 248e 


Tubing—89, 224, 268, 289, 302e, 318e, 333 


Magnetic materials—169 
Electrical steel 
Ferrites—200e, 234e 


Solder and flux—272 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—195, 


258e 
Bearing materials—214e 
Composite materials—217, 226 
Metals 
Alloys, general—212e 
Aluminum—161, 202e, 250, 271, 312 
Copper, brass, bronze—45, 78, 216e 
Nickel and Ni-alloys—198e, 321 
Silver—247 
Steel—200e, 227, 287 
Tantalum—218e 
Tin—262 
Titanium—198e 
Metal forms 
Clad metals—88 
Metal powders and parts—304 
Thermostatic bimetal—22 
Tubing—33, 239 
Non-metallic materials 
Carbon and graphite—330 
Elastomers—183, 226, 258, 262e 
Glass—258e 
Lubricants—228e 


Plastics compounds and resins—12, 75, 


216e, 217, 254, 277e, 283, 293 


Protective coatings 
Chemical—194 
Metallic—23 


MOTORS AND GENERATORS 
Integral-hp motors—4, 191, 281, 320e, 329 


Fractional-hp motors—4, 42, 191, 198, 226e, 


281, 290, 320e, 329, 334 
Gearmotors—Inside back cover 228e 
Generators—296 


Special—4, 71, 74, 173, 231, 233, 274e, 290, 


296, 297, 309, 326e, 329, 334 


PRODUCTION EQUIPMENT, 
TOOLS 


Assembly machines—330 

Coil winding—190, 328e 
Layout fluid—333 

Pliers—318 

Wiring machines—30, 202, 310 


SERVICES 


Data processing—13 

Die casting—200 

Dies, fixtures, etc.—335 
Plastics fabrication—193, 229 
Power equipment design—54 
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electrical 
enclosures 


custom fabricated 
by Kirk & Blum 


e Control Desks and 
Consoles 


e Instrument 
Panels 


e Boiler, 
Turbine, 
Generator Panels 


e Power Distribution, 
Control Panels 


eo Switch Gear 
Housings 


e Cubicles 


e Weather proof 
Housings 


e Transformer Tanks 
oe Test Stands 


For industry, power plants and 
utilities, Kirk & Blum can produce any 
type of metal enclosure . . . quickly 
and economically. 

Send your prints for prompt 
quotation. 


SERVICE 


Be 0 YEARS OF 


THE KIRK & BLUM MANUFACTURING CO. 3122 FORRER STREET, CINCINNATI 9, OHIO 
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P. O. Box 2225 Westbury, 
Long Island, New York 


JOHN Hassall INC. 
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AMP Incorporated 310, 311 


A'G’A Div., Elastic Stop Nut Corp. of 
America 335 


Acadia Synthetic Products Div. of 
Western Felt Works 52 


Akron Porcelain Co. 291 
Allen-Bradley Co. 37, 38 
Allied Research Products, Inc. 194 
Allis Co., The Louis 84, 85 
Aluminium Co. of America 250, 251 
Amco Engineering Co. 188 
American Brass Co., The 78 


American Steel & Wire Div. of United 
States Steel 34, 35 


Amphenol-Borg Electronics Corp., Con- 
nector Div. 


Anaconda Aluminum Co. 
Anaconda Wire & Cable Co. 
Appleton Electric Co. 

Armco Steel Corp. 

Arnold Engineering Co., The 


Arrow-Hart & Hegeman Electric Co., 
The 276, 


Artos Engineering Co. 
Assembly Products, Inc. 


Auto-Lite General Products Group, Wire 
& Cable Div. 


Automatic Electric Sales Corp., Sub. of 
General Telephone 


Babcock & Wilcox Co., The, Tubular 
Products Div. 


Baker Platinum Div., Engelhard Indus- 
tries, Inc. 22, 


Baldor Electric Co. 
Barber-Colman Co. 296, 
Beaver Gear Works, Inc. 

Beaver Precision Products Inc. 
Beckman & Whitley Inc. 

Belden Mfg. Co. 

Bentley, Harris Manufacturing Co. 
Bodine Electric Co. 

Bourns Laboratories, Inc. 
Bowmar Instrument Corp. 

Brainin Co., C. §. 

Bridgeport Brass Co. 


Brush Instruments Div. of Clevite Corp. 
50, 


Bunting Brass and Bronze Co., The 


Bussmann Mfg. Div., McGraw-Edison 
Co. 


Carlyle Johnson Machine Co., The 


Carr Fastener Co., Div, of United-Carr 
Fastener Corp. 


Centralab, A Div. of Globe-Union Inc. 
Chassis-Trak Inc 
Chemical Corp., The 


Chemical Div., Engelhard Industries, Inc. 
9? 


Chicago Molded Products Corp. 
Chicago Rawhide Manufacturing Co. 
Christie Electric Corp. 

Clapp & Poliak, Inc. 

Clare & Co., C. P. 

Cleveland Container Co., The 
Cleveland Tool & Die Co. 


Columbia-Geneva Steel Div. of United 
States Steel 34, 


Comar Electric Co. 


Consolidated Molded Products Corp. 


Continental-Diamond Fibre, A Sub. of 
The Budd Co. 331 


Continental Screw Co. 189 
Control, A Div. of Magnetics, Inc. 179 


Cords Limited Div., Essex Wire Corp. 
36, 237, 325 


Cosmo Plastics Co. 284 
Coto-Coil Co., Inc. 333 
Crouse-Hinds 307 
Curtiss-Wright Corp., Electronics Div. 238 


Cutler-Hammer Inc. 26, 27, 285 


Dano Electric Co., The 291 
Deluxe Coils, Inc. péiire 246 
Design Engineering Show slow ao ar 
Detroit Stamping Co. ns 280 


Dieh! Manufacturing Co., Electrical Div. 
of the Singer Manufacturing Co. 216 


Dow Corning Corp. 260, 261 
Driver Co., Wilbur B. ee ace 


du Pont de Nemours & Co. (Inc.), E. I. 
Fabrics Div. 


Durakool, Inc. 200, 308 


Durez Plastics Div., Hooker Chemical 
Corp. 


Dykem Co., The ; 333 


Eaton Manufacturing Co., Dynamatic 
Div. 


Elastic Stop Nut Corp. of America 223 
Electric Specialty Co. 54 


Electronic Timers Co., A Div. of P. R. 
Mallory & Co., Inc. 240, 241 


Electro Products Laboratories 278 
Electrosnap Corp., Switch Div. 171 
Emerson Electric Mfg. Co., The 329 


Engelhard Industries, Inc., Baker Platin- 
um Div., Chemical Div., H. A. Wilson 
Div. 22, 23 


Enjay Co., Inc. 183 


Essex Wire Corp. 
Cords Limited Div., R-B-M_ Controls 
Div., Wire and Cable Div. 236, 237, ae, 


Magnet Wire Div. "39 


Fansteel Metallurgical Corp. 202, 203 
Fenwal Inc, 48 


Fort Wayne Tool, Die & Engineering 
Co. 190 


Furnas Electric Co. 264 


Gear Specialties, Inc 32 
General Components, Inc. 333 


General Electric Co. 
popes Sales Div. 
agnetic Materials Section 
Miniature Lamp Dept. 228 
Silicone Products Dept. 249 


42, 43, 294 
235 


General Industries Co., The 290 


General Plate Div., Metals & Controls 
Corp. 


Globe Industries, Inc. 231 
Gries Reproducer Corp. 200 


Guardian Electric Manufacturing Co. 169 


Halogen Insulator & Seal Corp. 333 
Handy & Harman 247 
Hansen Mfg. Co., Inc. 233 
Hart Manufacturing Co., The 278 
Hassall Inc., John 340 
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Haydon Co., The A. W. , 342 
Haydon Div. of General Time Corp. 309 
Heinemann Electric Co. . 274 


Hetherington Inc., A Controls Co, of 
America Sub. on OF 


Hevi-Duty Electric Co. .. 326 
Hewlett-Packard Co. 201 
Heyman Manufacturing Co. 294 
Hi-Lo Manufacturing Co. 302 
Hoffman Engineering Corp. a> 316 


Hooker Chemical Corp., 
Durez Plastics Div. 293 


Hoover Ball and Bearing Co. 77 


Hunter Spring Co., A Div. of American 
Machine and Metals, Inc. 2 


Imperial Tracing Cloth 
Industrial Instruments Inc. 
Industrial Test Equipment Co. 
Instrument Specialties Co., Inc. 
Insulation Manufacturers Corp. 


International Business Machines Corp. 


International Nickel Co., Inc., The 


Intimex Corp. 


Johns-Manville 
Johns-Manville, Dutch Brand Div. 
Johnson Co., E. F. 


Jones & Laughlin Steel Corp., Stainless 
and Strip Div. 


Jones Div., Howard B., Cinch Manufactur- 
ing Co., Div. 


Corp. 


of United-Carr Fastener 


Kaiser Aluminum & Chemical Sales Inc. 


Kato Engineering Co. 


Kearfott_ Co., Inc., A sub. of General 
Precision Equipment Corp. 


Kellogg Switchboard & Supply Co., Com- 
munications Div. of International Tele- 
phone and Telegraph Corp. 246, 3 


Kepco Inc. 

Kester Solder Co. 

Keuffel & Esser Co. 57; 
Keystone Products Co. 

Kirk & Blum Manufacturing Co., The 
Klein & Sons, Mathias 

Krueger & Hudepohl, Inc. 

Kulka Electric Corp. 


Kurman Electric Co., Div. of 
Norbute Corp. 


Leyman Corp., Magnetics Div. 


Line Electric Co. 


Mac Lean-Fogg Lock Nut Co. 
Macallen Co., Inc., The 
Magnetic Amplifiers, Inc. 
Magnetic Metals Co. 220, 22 
Magnetics, Inc. 
Magnet Wire Div., 
Malayan Tin Bureau, The 


Mallory & Co., Inc., P. _ 
Electronic Timers Co. Div. 240, 2 
Milli-Switch Corp. Sub. 


Marbon Chemical Div. of Berg-Warner 


Essex Wire Corp. 


Microline Products, Ozalid Div. of Gen- 
eral Aniline & Film Corp. 


Milford River & Machine Co., The 


Milli-Switch Corp., A Sub. of P. R. 
Mallory & Co., Inc. 40 


Minneapolis-Honeywell 71 
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Minnesota Mining 
Co, 

Molon Motor and Coil Corp. 

Mosinee Paper Mills Co. 


Multi Electric Mfg. Inc. 


and Manufacturing 


National Acme Co., The 


National Carbon Co., Div. a 
Carbide Corp. 70 


National Lock Co. 301 
National Vulcanized Fibre Co. 254, 255 


Naugatuck Chemical Div. of United . 
States Rubber Co. 89, 175 


New Departure Div. of General Motors 1 
New Jersey Wood Finishing Co. 68 
Nothelfer Winding Laboratories Inc. 322 


Ohmite Manufacturing Co, 


Oster Manufacturing Co., vant Avionic 
Div. 


Palnut Co., The 

Parker-Kalon Div., General 
Transportation Corp. 

Pennrold Div., The Brush Beryllium Co. om 

Phalo Plastics Corp. ; 16 


Phelps Dodge Copper Products Corp., 
tos Seeneiocmsas Div. 56. 29 


Phillips Control Corp., A sub. of Allied 
Paper Corp. 2 


American 


Phoenix Electric Manufacturing Co. 
Photocircuits Corp. 82 


Potter & Brumfield, Inc., Sub. of | o 
American Machine & Foundry Co. 79 


Precision Apparatus Co., Inc. 
Price Electric Corp. 
Pyle-National Co., The 


R-B-M Controls Div., Essex Wire Corp. 
237, 324, 325 


Radio Receptor Co., Inc., Sub. of Gen- 
eral ‘Instrument Corp. 59 


Rajah Co., The ; 335 


ne Manufacturing Co., Distributor “ 


Products Div. 


and Engineering Co. 
nside Back Cover 


Electric Co. 66 
Revcor Inc. 316 
Reynolds Metals Co. 295 


Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc. 


Robbins & Myers, Inc. 
Rockbestos Products Corp. 


Roebling’s Sons Corp., John A., 
Electrical Wire Div., Sub. of The 
Colorado Fuel and Iron Corp. 2 
l 


Reliance Electric 


Reuland 


Rogan Brothers 
Rostone Corp. 32 
Royal Electric Corp., An Associate of ITT 301 


SKF Industries, Inc. 199 
Sanborn Co., Industrial Div. 257 
Secon Metals Corp. 218 
Sealectro Corp. 306 
Servospeed Div. of Electro Devices, Inc. 308 
Shakeproof Div. of Illinois Tool Works 65 
Sharon Steel Corp. 286, 287 


Shell Chemical Corp., Plastics and 
Resins Div. 75 


SCO g te AID 


“TELEPHONE QUALITY” 


. available immediately for any 
part of your operation that depends 
on electromechanical switching. 

Proven by many years of meeting 
the exacting requirements of the 
telephone industry, these twin-con- 
tact relays of unsurpassed reliability 
are available in many types. The 
following are representative: 

Type A: general-purpose relay with 
up to 20 Form “A” spring combina- 
tions. This relay is excellent for 
switching operations. 

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 
Type BB relay accommodates up to 
100 Form “A” springs. 

Type C (illustrated): two relays on 
the same frame. A “must” where 
space is at a premium. 

Type E: has the characteristics of 
Type A relay, plus universal mount- 
ing arrangement. Interchangeable 
with many other makes. 

Complete details and specifica 
tions on all Stromberg-Carlson re 
lays are contained in our new relay 
catalog. Contents include: spring 
combinations, table of equivalents, 
contact data, variations and special 
features, plus complete mounting 
and cover information. 

The catalog is available on request. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAM! IRPORATION 


Telecommunication Industrial Sales sc 


117 Carlson Rd. * Rochester 3, N.Y 3: 


Circle 352 on page 17 





INDEX TO 
ADVERTISERS 


Shielding, Inc. , 

Skinner Electric Valve Div. 

Smith Corp., A. O. 

Sola Electric Co. 

Speer Carbon Co. 
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Sprague Electric Co. 

Square D Co. 

Stackpole Carbon Co. 

Stalwart Rubber Co. 


Standard Pressed Steel Co., Unbrako 
Socket Screw Div. ; 


Star Porcelain Co. 
Stearns Electric Corp. 
Stevens Manufacturing Co., Inc. “Back Ouns 


Stromberg-Carlson, A Div. of General 
Dynamics Corp. 


Struthers-Dunn ‘ i ee 332 
Superior Tube Co. - 239 


Sylvania Electric Products Inc. 
Parts Div. 
Semiconductor Div. 

Sylvania Lighting Products, a div. 
Sylvania Electric Products Inc. 
MINIATURE ELECTRONIC SUB-MINIATURE ELECTRONIC Synthane Corp. 
TIME DELAY RELAYS TIME DELAY RELAYS 


31200 SERIES 31300 SERIES Taylor Fibre Co. 


Tennessee Coal & Iron Div, of United 
States Steel re: a 


Texas Instruments Incorporated 
Industrial Instrumentation Div. 80 
Semiconductor-Components Div, .. 267 


Thomas & Betts Co., Inc., The .... 3 31 


Thomson We Co., Judson L. 
Electrical Contacts Div. ssa ecwt Ae 
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SUSHI eae 


SAVE SPACE AND WEIGHT ! : Unimax Switch Div., The W. L. 


Maxson Corp. 


Tinnerman Products, Inc. ....... e+ ee 
Torrington Co., The d 6 edoia 
Torrington Manufacturing Co., The 53 


Tung-Sol Electric Inc., Semiconductor 
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+ ive wet 


Miniature 
Series 
Cross Secti 1%" x V2Y59" 
Length 2'44"" long 
Weight 6 ounces 
Bulletin 


WRITE FOR AWH TD-503 


TEST-PROVED PERFORMANCE! 
High Temperature: 125 C (250 F) 


Sub-Miniature 
Series 

3Yaq"" x He" 

2" long 

3 ounces 

Bulletin 


AWH TD-504 


Union Carbide Corp., National Carbon 
Co. 


United States Graphite Co., The, 
Div. of The Wickes Corp. ; 


United States Rubber Co., Naugatuck 
Chemical Div. 


United States Steel Export Co. 34, 
United States Steel 34, 


, 


Varflex Corp. 
Vibratiom: 2000 CPS at 15g 


Veeder-Root Inc. 
fetta ida Lua le) ee 


Unique transistorized R.C. time constant he ALA. one. 
Time Delays from 50 MS to 120 seconds. Longer Delays a vailable Waldes Kohinoor, Inc. 

Hermetically sealed housings Walker Co., George 

Ward Leonard Electric Co. 

Watlow Electric Manufacturing Co. 
Westinghouse Electric Corp. 191, 


Westinghouse Electric Corp., 
Semiconductor Div. 


Weston Instruments, Div. of Daystrom, 
Inc, 


West Virginia Pulp and Paper Co., 
Board Products Sales 


Williams-Bowman Rubber Co., The . 
Wilson Div., H. A., Engelhard Indus- 


tries, Inc. 22, 23 
> AYDON Wire and Cable Div., Essex Wire Ge. 
37, 


IZ 934 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 


— REQUIREMENTS OF MIL-E-5272A. 





Wisconsin Porcelain Co. ; » Bia 
Zenith Electric Co. ‘ 226 
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buy your hors bower at the output shaft 


Speed reducer problems involve more than just gear ratios. 
Horsepower, torque, overhung loads and duty cycle are con- 
siderations that require performance matching of motor and 
reducer. When you specify Master Gearmotors you eliminate 
dual responsibility for overall performance. 


Master Gearmotors are packaged components, engineered 
to meet your requirements from line voltage to keyway 
dimensions. Motor and reducer are built as a single, rigidly 
aligned unit. These compact drives offer maximum efficiency 
and durability at minimum cost. 


You can reduce engineering and assembly expenses by 
giving Master the responsibility for the entire power pack- 
age. With Master Gearmotors you buy your horsepower 
where you need it, at the output shaft. 


Vertical and horizontal, right angle and parallel shaft, 
worm, helical and herringbone gearing —% thru 125 hp. 


Product of Master Electric Division of Reliance Electric and 
Engineering Company, manufacturers of a-c. motors, Reeves 
Drives, Ve S Drives, Super ‘T’, D-c. Motors, generators, con- 
trols, and engineered drive systems. b1sos 


RELIANCE incited co. 


DEPT. 274-A, CLEVELAND 17, OHIO 
CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 


REEVES | 
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FOR AUTOMATIC COFFEE MAKERS 


( 


im 


a 


Other appliances, too, such as skillets, saucepans, grid- 
dies, inhalers, air heaters, fans, steam and flat irons, 
roasters, fry kettles, refrigerators, butter warmers, 
waffle irons, electronic and avionic applications. 





Type B top; Type A center; Type S bottom. Other designs available. 


iT’S STEMCO THERMOSTATS 


No wonder leading manufacturers of automatic coffee 
makers specify Stemco thermostats. For Stemco ther- 
mostats give long-life reliability that eliminates service 
headaches . . . are quickly, easily installed . . . are com- 
petitively priced. Our application engineering service is 
eager to help you solve your thermostatic control problem, 
whether it involves design, production or cost. Try us now. 


AA-9457 


yea texte manufacturing company, inc. 


P. O. Box 1007, Mansfield, Ohio 


THERMOSTATS 
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